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.INTRODUCTION

This manual contains the essentlal material te eoptimize the

LACBWR p@wer~p1ant requirementsxby'inter—relating,radiochemistry

,and- a water chemistry pregram as outlined in.this report. The

procedures are numbered according to a particular catégony,.such

.as RC series, radiochemistry methods; WC serles, water chemistry

:methods~énd the D series dissolution methods. The manual has

eight sections which. are as follows:

" Section I - "Safety"

This section . describes the safety needed 1in the laboratory.

Section IT - "Standardization-of Carrier Solutions"

This section covers the preparation of carrier solutions and

.standardization procedures to conform with %he carrier require-

-ments of the radiochemical procedures in Segtion V.

. | : | |
Section III - "Counting Techniques and Data Handling"

This section provides a working’knOWIedge to analyze and report

.data intelligently.

Section IV - "Water Chemistry Methods"
This sectlon 1s a collection.of water qhemistryuprocedures for

determining constituents in reat¢tor:steam and water,

Section V - "Radiochemistry Methods"
This section is a collection of radiochemical procedures for

determining the activity of selected radionqclides.



- INTRODUCTION (Cont'd)

Section VI - "Dissolution:Methods"
This-section,is a collection of dissolution procedures for quanti-
tative removal of sorbed.activity from ion exchange resin and

dissolution of insoluble corrosion products.

Section VII --'"Schedule for Radio and -Water Chemistry Analyses"

This section lists the analyses needed during the operation of:-

the reactor.

Section. . VIITI - "Appendix"



. SECTION T
SAFETY

This section:will.describe.in.detéil the safety needed .in |
the laboratory. Principles of safe lgboratory‘practices

should be-exércised.at-éll times.

The following;summarizes the -safe laboratory practices:
4. Persennel protective equipment such as eye pro-
tection, face shields, and gloves shall be used when

necessary.

1 - '
b. Safety glasses must be worn .in the laboratory. Full

face shields may be necessary for certain operations.

c. . Rubber gloves shall be used when pouring-acids such
as fuming»nitric‘acid.and hydrofluoric acid or when
handling -radiocactive material. Surgeon's gloves may be

used when manual dexterity 1s required.

d. Anacid and alkaline resisbaht laboratory coat shall
be used in the laboratory at all times to protect the
‘clothes.and body from corrosive chemicals and radlo-

.active conbamination.

e. .Smoking, eating and drinking are forbidden in the

laberatory.



I.

SAFETY (Cont'd)

f. .Avoild skin contact and inhalation or ingestion .of

all chemicals.

g. Broken glassware shall be disposed .of in .a separate

container.

h. The fume hood should be used when handling volatile

or flammable chemicals.

1. Do not pick up small splinters of broken glass with

the hands. Use .a whisk broom and dust pan. Very small
pleces may be picked up with a large piece of wet cotton

or sticky paper.

j. Contaminated waste shall be segregated from clean

debris.

k. In dilution of strong acids, always add acid to the

waﬁer'slowly over ‘a sink or vessel to contain .any break-

age or spillage. Acid should first be transferred to a

small beaker or ‘reagent bottlefrather than attempting

to transfer directly from large .stock bottles of reagents

1. Flammable liquids and corrdsive, noxious, or vapor-

producing chemicals shall not be poured in the sink but

-shall be stored in the contalners provided. Acids and

alkalis may be flushed down the sink with copious amourits
of water for dilution, or else should be neutralized be-
fore disposal.

. =h-
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I. SAFETY (Cont'd)

m. -All reagent bottles and other containers of chemicals
shall be clearly ‘labeled. These shall not be filled to
more than three-quarters of thelr capacity to allow for

eXxpansgion.

n. 'Never-mix-organic chemicals and acids except as speci-

fically detailed in procedures.

0. Never pipette by mouth. Use rubber bulb or equiva;

lent‘td apply the suction.

p. All precautions used in handling corrosive and toxic

chemicals shall also be observed with radioactive sampler.

q. Mercury vapor is poisonous. Use trays to contain
.Spillsvwhen working with mercury, and clean up'all spill-
-age.

r. Before analyzing primary coolant, the radiation levels
shall be moniﬁored to'ascertain‘what precautions must be

taken.

8. Evaporations involving primary coolant must bé’per-

formed in the fume hood.

t. Hands and clothing 'shall be monitored for contamina-

-tion before leaving the laboratory.

The following -are the safe laboratory technique practices:

_5_




. SAFETY

-Evaporation

Evapoeration in beakers and flasks should be made on a hot
plate. To prevent "bumping", .a few glass beaGS‘may'ée
added. .Infra-red lamps may be used to evaporate small
liquid samples in planchets. Solutions in centrifuge
cones, can be evapoerated by placing;a4flamé directly be-
low ‘the liquid level in the cone. The c;ﬁe,should be
held with tongs, noet the fingers, and given .a continous
sWirling1motion td avoid .over-heating the liquid .in any
one place...This.technique takes practilice .in érder- to
‘avoild the loss of liquid. Evaporate organic solvents
in .a water bath under :a fume hood. Solutions needed

to be heated can be placed in-.a beaker half filled .with

water and placed on a hot plate.

~Gentrifuge Practice

When~u$ihg the centrifuge be sure that the cone con-
taining the sample .is counterbalanced by anoether tube
containing the same level of liquid. The centrifuge
should be thick-walled glass or ﬁlastic to allow tbe
use of the highest :speed on the centrifuge. Allow
the Cehtrifuge to come to a stop by.itself, unleés it
~'has a brake attachment which can be used with caution.

Otherwise, the precipitate may become dislodged. If

_6-




. SAFETY

Centrifuge Practice (Cont'd)

\

the precipitate become difficult to come dbwn.after cen-
trifuging -for two minutes, the<additioh.of a few dreps of

a wetting ‘agent will remedy this problem.

-Filtratioen

The finél precipitate from the radiochemical procedures
is ‘wsually suction filtered. The stainless steel fil-
tering -apparatus is placed in a 500 ml sidearm flask

through -a one-hole rubber stopper. The flask is con-

nected to an explosion-proof vacuum pump by means of a

vacdum hose and an .intermediate empty filtering flask

used as a liquid trap. The filter paper should be

centered on the filter support. A few drops of water

‘should be poured onto the filter to wet the filter.

After this operation is completed turn on the pump and
pour the precipitate onto the filter. After the washing

of the precipitate with ethyl alcohol and removing

moisture with‘ethef,.the pump should remain en for
around 30 seconds. The top .ef the filtering -apparatus

'is then removed with the vacuum pump on. .The pump is

turned off and the fllter paper is removed with blunt-
point forceps (blunt type should be used to prevent

putting holes in the filter paper).

_7...



SECTION II

STANDARDIZATION OF CARRIER 'SOLUTIONS

A,

SUMMARY OF METHODS

The losses .of a radioelement through the radiechemical pro-

cedure :1s determined by measuring the fractioenal recovery -

.of the carrier element used. This requires the addition of

a known amount of carrier element at the beginhing'of the

.-analysis. To accomplish this, carrier selutions are .pre-

pared, standardized and accurately measured volumes of the

solutiens are. used.
APPARATUS
1. Normal laboratory glassware is required for this work.

2. Glass PFiber Filter - 1 inch diameter x 0.01 inches

thick 'should be used. Any similar filter will be suit-

-able provided .1t retains fine precipitates édequately

and maintains coenstant weight to .+ 0.0001 gm during fil-

tration and drying.

3. Filter Holder - The,fil%er*holder'must.ho&éytheﬁi inch

filters rigidly.in place during filtration.

.NOTE: Care should be taken to clean the holder thoroughly

- between filtrations to prevent cross-contaminatioen.

L4, Desiccator - The desiccator must hold feour 1 inch dia-

. meter filters similar to Fisher No. 8-615,

-8-



..STANDARDIZATION OF CARRIER SOLUTIONS
B. .APPARATUS (Cont'd)

5. Oven - Oven should be gravity convection type and be
able to supply uniform heat -at 110° C to a + 0.5° C.

(Fisher No. 13-244-1 or equivalent).

6. Analytical Balance - It -should be capable to weigh'te

the nearest 0.1 mg.

7. Muffle Furnace - To be able to hold four crizcibles and

also designed for continuous operation .at temperatures up

to 9000 C (1650° F). (Fisher No. 10-552 or equivalent).

8. Refrigerator - Small laboratory type designed to be

explosion proof.

.9, Infra-Red Lamp - The infra-red lamp should be designed

to adjust at various heights for evaporating -solutions and

‘drying precipitates. (Fisher No. 11-504-5V4 or equivalént).

10. Centrifuge - A élinical centrifuge shall be used. The

head shoula‘accommodate 50 ml centrifuge tubes.

C. .REAGENTS AND MATERIALS

1. Purity of Reagents - Reagent grade chemicals :shall be

used to prépare carriers. Unless otherwise .indicated, all
reagents shall conform to the specifications of the Committee
on Analytical Reagents.of the American Chemical Society.
Other reagents may be used, provided they are of sufficient

purity to glve the same accuracy.

v_9_



STANDARDIZATION OF CARRIER SOLUTIONS

CO

REAGENTS AND MWTERIALS

2. Purlty of Water - All water used .in breparing-the carriers

and .1n .standardization of these carriers shall be demlneralized

. water -and conform to the Specification .for Reagent Water (ASTM

Designation D 1193).

3. Ethyl Alcohol - Either CP ‘ethyl alcohol or denatured ethyl

alcohol (denatured according to formula No. 30, Regulations
No. 3 and 1its appendix, U.S. Bureau bf Internal Revenue) shall

be Lised for standardization of the carriers.

4., Cesium Chloride - Cesium chloride reagent No. C-24, puri-

fied, which can be obtained from Fisher Chemical Company:.

5. Chloroplatinic Acid Reagent - Dissolve 7.3 grams of hy-

drated chloroplatinic acid (Hp PtClg * 6H,0) in 100 ml of

water.

6., 6M Acetic Acid - Measure 40 ml concentrated acetiec acid

and dllute to 100 ml with water.

7. 6N Hydrochloric Aciid - Measure 498 ml of 12.1 N hydro-

chloric acid (concentrated) and dilute to-1¥liten:fwith water.

8. .1N Hydrochloric Acid - Measure 83.0 ml of 12,1 Hydrochloric

acid (concentrated) and dilute to l-liper with water.

‘9. 2N Hydrochloric Acid - Measure 166 ml-of 12.1N hydrechlo-

ric :acid (concentrated) and dilute to 1l-liter with water.

-10-



'STANDARDIZATION OF CARBIER:SOLUTIONS'

‘C.

REAGENTS AND MATERIALS

10. 6N Nitric Acid - Measure .384 ml of 15.7N Nitric acid

(concentrated) and dilute to l-liter with water.

A}

11. 4N Nitric Acld - Measure 256 ml of 15.7N Nitric .acid

(concentrated) and dilute to 1-liter with water.

‘12,0 3M_Ammonium Acetate - Dissolve 230 grams of Ammonium

Acetate (NHMC in water and dilute te l-liter with

5H305)

-water.

13. Cupferron Reagent - Dissolve 6 gfams of the ammonium

:8alt of nitrdso—phenyl-hydroxylamine (cupferron) in 100 ml

of water. .

NOTE: Reagent good for one week only and must be kept cool

~and stored.in the dark.

14.’_1.5M.deium Chfomate'- Dissolve 243 grams of sodium

chromate (NaQCrQM) and dilute to 1l-liter with water.

15. 0.1M Palladium Chloride - Dissolve 21.4 grams of palla-

dium .chioride . (Pd Cly, *,2Hp0) and dilute to 1-liter with

water.

16. .1.5N Sulfuric Acid - Measure 42 ml of 36.0 N .Sulfuric

acid (concentrated) and diluted to l-liter with water.

17. 14.8N Ammonium Hydioxide - Concentrated ammonium hy-

dioxide (NHyOH).

-11-



‘STANDARDIZATION OF. CARRIER SOLUTIONS

C. REAGENTS AND MATERTIALS

18. .15.7N Nitric Acid - Concéntrated Nitric Acid (HNO3).

19. 12 1N Hydrochloric Acid - Concentrated Hydrochloric

Acid (HC1).

20. (1-3) Hydrochloric Acid solution .- Measure 100 ml of

concentrated hydrochloric acid (12.1N)(HC1l) and dilute with
300 ml water.

‘2L, The following -additional chemicals are needed:

‘Saturated Ammonium Oxalate (NH4)2 C50) Solutien
Hydrogen Sulfide (HpS) gas ~
Saturated Sodium Bromate NaBroO

Saturated Oxalic Acid Solution™

Saturated Barium Nitrate Solution

OO0 oo

22. The followingzchemicals-will be needed to prepare carriers:

. Barium Nitrate Ba NO3
Cerium Nitrate Ce 3 -6Hp0
Cobalt Nitrate Co NO3 2 6H20

Potassium Todide KI

Iron Chloride FeCls -+ 6Ho0

. . Potassium Chloride KC1

Rubidium Chloride RbC1

Strontium Nitrate Sr(NO3) * 4H,0
Yttrium Nitrate Y(NO 6H,0
Zirconyl Nitrate Zro%NO3 © 2H50
Manganese Dioxide MNO

Lanthanium Nitrate La . 6H20
Potassium Dichromate QCrgé §
'Sodium Fluoride (NaF)

‘Sodium Tungstate (NagWOy * 2H50)
Pure Nickel Metal Powder

Pure Copper Metal

Sodium Chloride (NaCl)

Ammonium chloride (HN),C1)

o o e

W HGT OB HHRLETR S0 20 0D

°
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AMMONIUM CARRIER

(10 mg/ml)

1. Dissolve 3 grams ammonium chloride (NHuCl) in 100 ml of

water.

2. Pipet acéurately~four 2 ml portions of the carrier solu-

tion into four separate 50 ml centrifuge tubes.
3. Dilute to 5 ml with 6N hydrochloric acid (HC1).

4. Add 1 ml of 5 percent chloroplatinic acid (HoPtClg) and

5 ml of ethyl alcohol.
5. Place centrifuge tubes in an ice bath for 5-10 minutes.

6. Filter with suction the precipitate onto a weighed glass
fiber filter holder.
NOTE: The preclpitate appearance will be a yellow-orange co-

lor precipitate.

7. Rinse the centrifuge tube with ethyl alcohol and pour

the rinsings through the filter.

8. Wash the precipitate with approximately 10 ml ethyl al-

cohol and 10 ml of diethyl ether.

.9. Weigh the filter and precipitate on an analytical balance

to the nearest 0.1 mg.

10. Subtract the tare weight of the filter to obtain the

/
welight of the precipitate.
-13-




11. Four standardizations of the carrier solution should be

performed. The spread .in results should be less than 0.5%.

CALCULATIONS

NH) (mg/ml) = mg (ppt) (NH) ) oP£C1(0.04063)
ml (aligquote)

~14-




BARTUM, CARRIER
(10 mgz/ml)

1. Dissolve 19.0 grams of Barium Nitrate (Ba(NO3)2 in

approximately 300 ml of water.
o, Dilute to l-liter and shake for 1 or 2 minutes.

3. Pipet accurately four 5.0 ml portions of the carrier

solution into four separate 250 ml beakers.
L, Dilute to approximately 100 ml.

5. Add 5 ml of 6M .acetic acid and 10 ml of 3M .ammonium

‘acetate.
6. Place beakers on a hot plate and bring to a boil.

7. Add 5 ml of 1.5M:sodium chromate (N32Cr04) dropwise

while stirring. Boil for 1 or 2 minutes with stirring.

8, Filter with suction the precipitate onto a weighed

flass fiber filter placed in the filter holder.

.9. Rinse the beaker with ethyl alcohol and pour the

rinsings through the filter.

10, Wash the precipitate with approximately 10 ml ethyl

alcohol and 10 ml. of diethyl ether.

'11. Place the filter containing the precipitate in an
oven and dry at 110° C for 30 minutes. Cool in .a desic-

cator for 2 minutes
-15-




. BARIUM. CARRIER (10 mg/ml) (Cont'd)

12. Weigh the filter and precipitatée on an analytical balance

to the _nearest'oolmg°

13. Subtract the tare weight of the filter to obtain the

weight ofAthe precipitate.

14, PFour standardizationsbf the carrier solution .should be

performed.: The‘spread}in-results should be less than 0.5%.

CALCULATIONS

(mg(ppt)BaCroy) (0.5421)
ml (aliquote)

- Ba({mg/ml)




-CERIUM CARRIER

(10 mg/ml)

1. Dissolve 31.0 grams of cerium nitrate (Ce(NO3)z * 6H,0)
3/3 2

4in 200 ml of water.
o. Dilute to l-1liter and shake for 1 or 2 minutes.

3. Pipet<accurate1y four 5.0 ml portions of the carrier

solution into four 100 ml beakers.
4, Dilute to approximately 20 ml with water.

5. Warm on a hot water bath and about 50 ml of saturated

ammonium oxalate ( (NHj)oCp0y) solution.

6. Cool in an ice bath for approximately 15 minutes and
filter with a filter funnel using-a 11 cm Whatman No. 42

filter paper.

7. Transfer the precipitate to a tared porcelain cruclble

and dry under a heat lamp.

8. Cover and ignite for ‘10 minutes in -a muffle furnace at

800° c.
9. Remove the cover and continue the ignition for 30 minutes.

.10. Cool and weigh the crucible and .precipitate (CeOe) on

an analytical balance to the nearest O.i mg.

11. Place the crucible contalning the precipitate in an oven

and dry at 110° C for 20 minutes.
-17-




CERIUM CARRIER (10 mg/ml) (Cont'd)
12, Cool for 20 minutes in a desiccator ,and reweigh.

13. Repeat stepsfll and 12 until constant weight is ob-
tained. |

14, Four standardizétionéof'the carrier solutioen -should
be'performed. The spread .in results should be less. than

0.5%.

CALCULATIONS

Ce(mg/ml) = (mg(ppt)Ce0,) (0.8141)
ml (aliquote)

-18-




. CESTUM CARRIER

(10 mg/ml)

1. Dissolve 12.5 grams of cesium chloride in water and di-

lute to 1-liter with water.

2, Pipet accurately four 5.0 ml portions of the carrier"

solution into a 50 ml centrifuge tube.
3. Adjust the volume to 10 ml in 6N hydrochloric Acid (HC1).
4, Add 4 ml of chloroplatinic acid.

5. Stir 1 or 2 minutes and cool in a regrigerator for 10

minutes.

6. Filter with suction the precipitate onto a weilghed glass

fiber filter placed in the filter holder.

7. Rinse the centrifuge tube with ethyl alcohol and pour

the rinsings through the filter,

8. Wash the precipitate with approximateiy 10 ml ethyl al-

cohol and 10 ml of dlethyl ether.

.9.. Place the filter contalning the precipitate in an oven
and dry at 110° C for 30 minutes. Cool in a desiccator -

for 20 minutes.

10. Weigh the filter and precipitate on an énalytical ba-

lance.

-19-




CESIUM CARRIER (10 mg/ml) (Cont'd)

]

11. Subtract the tare weight of the filter to obtain the

welght of the precipitate.

12. Repeat Steps 9, 10 ahd 11 until constant weight is

obtained.

.13. Four standardizations of the carrier solution should

be performed, The spread in results should be less than

0. 5.

CALCULATIONS

Cs (mg/ml) = (mg(ppt) CspoPtClg) (0.3945)
ml (aliquote)

-20-



'CHROMIUM CARRIER

1. Dissolve 28 grams of potassium dichromate (K20r207).in

éOO ml of water.
2. .Dilute to 1-liter with water and shake for 1 or 2 milnutes.

3. Pipet accurately four 2.0 ml portions of the carrier so-

lution into four separate 50 ml centrifuge tubes.

4. Add 1 ml concentrated ammonium hydroxide (NH4OH) and 15 ml

of watef.

5. Add 3 ml of saturated barium nitrate (Ba(NO3)2) solution

to precipitaté_(BaCr04).

6. Filter with suction the precipitate onto a weighed glass

fiber filter_placeduin the filter holder.

7. Rinse the 50 ml centrlfuge with ethyl alcohol and pour

the r1n51ngs through the filter.

8. Wash the precipitate.with approximately 10 ml ethyl al-

cohol and ‘10 ml of diethyl ether.

9. Place the;filter,COntaining the precipitéte in an-oven
and dry at 1100 C for 10 to 15 minutes. Cool in a desiccator

for 10 to 15-mihutes.‘ Gonhoa

10. Weigh the filter and precipitate on an analytical ba-

lance to the nearest 0.1 mg.

-01-



CHROMIUM CARRIER (Cont'd)

11. Subtract the tare weight of the filter to obtain the

weight of the<precip1tate.

12. FHour sfandardizationsof the carriér solution should be

performed. The spread .in results should be less than 0.5%.

CALCULATIONS

.Crﬁ(mg/ml) = (mg(ppt)BaCrOu)(b.QbBB)
‘ _ (ml(aliquote)

_22;




COBALT CARRIER

(10 mg/ml)
1. .Dissolve 49.3 grams of Cobalt nitrate Co(NO3)2 . 6H20
in 200 ml of water. |

2. Add 1 ml concentrated Nitric Acid (NHO3) and dilute to

1l-liter with water.

3. .Plpet aécurately,four-S.O ml portions of the carrier

: solution.ihto four separate 50 ml centrifuge cover.
4. Dilute to approximately 15 ml with water.

5. Add 2 ml of concentrated ammonium hydroxide (NH4OH) and
carefully saturate the -solution with: hydrogen sulfide(HgS)

gas.

6. Filter the cobalt monosulfide (CoS) onto a Whatman No.

42 filter paper‘and wash with 5 ml of ammonia water.

7. TranSfef the paper and precipitate to a tared porcelain

crucible. 

8. .Dry-undef afheat;lamp,,cover-with a porcelain cover

and ignite for”éppfOXimately-lo minutes at 700° C.

9. .Remo&é-the cover and continue the ignition for‘3O

‘minutes.
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COBALT CARRIER (Cont'd)

(10 mg/ml)

10. Cool and weigh the crucible and precipitate~(C0203) on

an analytical balance to the nearest 0.1 mg.

'11. .Place the crucible containing the precipitate 'in an

oven and dry at 110° C for 20 minutes.
12. Cool for 20 minutes in a desiccator and reweigh.

13. Repeaﬁ steps 11 and 12 untll constant weight 1s obtained.

_14. Four-standardizatiohs of the carrier -solution should be

performed.. The spread in results should be ‘less than 0.5%.

- CALCULATIONS

. Co (mg/ml = (mg(ppt) (Coy03) (0.7106)
S L mi (aliquote)
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‘COPPER CARRIER

(10 mg/ml)

1. Dissolve 1.00 gm (pure) copper metal in~25 ml concentrated

nitric acid.

2. .Dilute to 100 ml with water -and shake for 1 or 2 minutes.

NOTE: If the copper;métal is weighed on .an analytica;_balance

to the nearest 0.1 mg, standardization will not be

ilinecessary.’
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FLUORIDE CARBIER
(10 mg/ml)

1. .Dissolve 1.8 gm of sodium fluoride {(NaF) in 100 ml of

water in a volumetric flask.
2. -Shake for 1 or 2 minutes.

3. .Pipet accurately four 2.0 ml portions of the fluoride

carrier solution into four separate 50 ml centrifuge tubes.

4, Add 20 ml of Lanthanium carrier.

5. .Fiiterewith suction the. precipitate onto a weighed glass
fiber filter placed in the filter holder.
NOTE : Theiprecipitate appearance will be a white gelatinous

' preeipitate.

6 RinseJthe centrifuge tube with ethyl alcohol and- pour

the rinsings through the filter.

7, AWaéh the precipitate with approximately 10 ml ethyl al-

cohol and 10 ml of diethyl ether.

8. Weigh the filter and precipitate on an analytical balance

.to the nearest 0.1 mg

9. . Subtract the tare weight of theifilter‘to_obtain the

weight of the precipitate.

10.  Four standardizationsof the carrler solution should be

performed. The spread in results should be less than 0.5%.
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FLUORIDE CARRIER (Cont'd)
(10 mg/ml). o

CALCULATIONS

F (mg/ml) = (mg(ppt)NaF)(0.1455)
ml (aliquote)
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IODINE CARRIER

(10 mg/ml)

1. .Dissolve 13.1 grams of potassium iodide (KI) in 200 ml

of water.
2, Dilute_to l-liter with water and shake for 1 or 2 minutes.

3. Pipet accurately four 5.0 ml portions of the carrier so-

lution into four separate 100 ml beakers.

4. Acidify with 1 ml concentrated nitric acid (HNOS) .

5. . Add about 2 ml Q.lM_palladium chloride (PdClz)-to‘preci—

pitate all the.I”.

6.“Digestfthe’precipitate on a hot plate for 10 minutes.

f?. Filter with suction ‘the - precipitate onto -a weighed glass
L fiber filter placed in ‘the filter holder

8; Rinse the beaker with ethyl alcohol and . pour the rins-.

E ings throughihe filter.

9. Wash the precipitate with approximately ‘10 ml ethyl al-

'cohol and lO ml of diethyl ether.

10. Place the filter cohtaihing the precipitate -in an oven

and dry at llOOVC for. 30 minutes. - Cool in a desiccator for

20 minutes.
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IODINE CARRIER (Cont'd)
{10 mg/ml) ~

11. Welgh the filter and precipitate on an .analytical

balance to the nearest 0.1 mg.

12, ‘Subﬁract the tare weight of the filtervto obtain the

weight of the precipitate.A

13{ Four standardizations of the carrier solution should

be performed. The spread in results should be less than

0.5%.

CALCULATIONS

I (mg/ml) = (mg(ppt) PdI, (.3378)
' . "ml (aliquote)
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IRON CARRIER
(10 mg/ml)

1. .Dissolve 48.4 grams of iron chloride FeCl, - 6H,0 in

3

1N hydrochloric acid (HC1).

2. Dilute to l-liter with 1N hydrochloric acid (HCl) and

shake for 1 or 2 minutes.

3. .Pipet accurately four 5.0 ml portions of the carrier

solution into four<separate tared porcelainlcrucibles.

4. Add concentrated ammonium hydroxide dropwise to preci-

pltate iron hydroxide (Fe(OH)B).
5. .Evaporate to dryness under an .infra-red lamp.
6. .Ignite in amuffle furnace at 700° C for 15 minutes.

7. Cool and wéigh,thé'crucible and.precipitéte (Fe§O3) Qn'

an analytical balance to the nearest 0.1 mg.

8. .Place thé'cbucible contalning the precipitate in an

.oven,and dry”at;llO° C for 20 minutes.

9i'~Cool‘fof:2Q~ﬁinutes~in a desiccator and. reweigh.
10.  Repeat steps 8 and 9 until constant weight 1is obtalned.

11. Four standardizationsof the carrier~solution'should be

performéd. The spread in results should be less than O.5%.
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TRON CARRIER (Cont'd)

(10 mg/ml)

CALCULATIONS

Fe(mg/ml) = (mg(ppt) Fey03)(0.6994)
'A . ml (aliquote)‘

-31-



. -LANTHANUM CARRIER

(10 mg/ml)
1. .Dissolve 15.6 grams lanthanum nitrate (Lap(NO3)3 * 6HO)
in 200 ml of water.
o, .Dilute to l-liter with water and shake for 1 or 2 minutes.

3. Pipet accurately four 5.0 ml portions of the carrier so-

lution into four 'separate 50 ml centrifuge -tubes.

4, Add‘15 ml of water and place in .a beaker half filled with

water and heat on a hot plate tb boiling.

5. While heating on the hot plate and stirring, add 15 ml

of saturated oxalic acid.

6. Filter with suction the precipitate onto a weighed glass

fiber filter placed in the filter holder.:

7;"Rinse»the-Céntrifuge tube with ethyl aléohol and pour

the riﬁsings:through the filter.

8. Wash the precipitate with approximately 10 ml.ethyl al-

cohol and 10 ml of diethyl ether.

9.::Place the filter containing the preciplitate in .an oven
and dry at 110° C for 10-15 minutes. Cool in a desiccator

for 15 minutes.

10. Weigh the filter and precipitate on an.anélyt1Ca1 bal-

-ance to the nearest 0.1 mg.
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.LANTHANUM CARRIER (Cont'd)

(10 mg/ml)

11. .Subtract the tare weight of the filter to obtain the

weight of the precipitate.

12. . Four stahdardizationsof the carrier solutionAshogld‘be

performed. .The spread.in results should be less than 0.5%.

CALCULATIONS

‘La (mg/ml) = mg(ppt)(Lap(Cz0y)5 * 9H0)(0.3949)
ml (aliquote)
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'MANGANESE CARRIER

(10 mg/ml)

1. .Dissolve 16 grams of Manganese dioxide in 50 ml of con-

centrated hydrochloric acid (HC1l)(12.1N).

.NOTE: .Heating may be necessary to dissolve.

2. .Dilute to 1-liter with (1-3) hydrochloric acid solution’

(HC1) and shake for 1 or.2 minutes.

3. Pipet accurétely four 5.0 ml portions of the carrier so-

lution -into four 'separate 50 ml centrifuge tubes.

4. Add 10 ml concentrated nitric acid (HNO3) (15.7N) to

each centrifuge tube.

5. Add 2 ml saturated sodium bromate (NaBrO3) solution. .and

boil for threeyminutes'by placing the centrifuge tubes in-

k:fo“afbéakeﬁ;half_filled‘with water and place on a hotplate.

6; jEi1ter<with,suction.the precipitate onto a weighed

' g1as$;fibér-fi1ter placed .in the filter holder.

“7.:1R1nsé”thé centrifuge tube -with ethyl alcohol and pour

the rinsings through the filter.

8. .Wash the precipitate with approximately 10 ml ethyl al-

cohol and 10 ml of dlethyl ether.

9. .Place the filter containing the precipitate in .an oven

and.dry at 110° C for 10 to 20 minutes. .Cool in a desiéca—

‘tor for 10 to 20 minutes.
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MANGANESE CARRIER (Cont'd)
(10 mg/ml) i

10. Weigh the filter and precipitate on .an ‘analytical bal-

-ance’ to the nearest 0.1 mg.

11. .Subtract the tare weéight of the filter to obtain the

welght of the precipitate.

12. .Four standardizationsof the carrier<soiution;Shqu1d be

performed. .The -spread . in ‘results should be -less than 0.5%.

CALCULATIONS

Mn(mg/nl) = (mg(ppt) Mn0,)(0.6320)
' ml (aliquote)
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NICKEL CARRIER

(10 mg/ml)

1. Dissolve 1.00 gram (pure) nickel metal powder :in 25 ml

concentrated nitric acid.

.2. .Dilute .to 100 ml with water and shake for ‘1l or 2 minutes.
.NOTE.:© If the nickel metal is weighed on .an .analytical bal-
ance to the nearest 0.1 mg, standardization will not be

necessary.

-36-



POTASSIUM CARRIER

(10 mg/ml)

1. .Dry approximately 19 grams of primary standard potassium
chloride (KC1l) salt at 110° C for 1-hour.

2. .3tore the dried salt in -a glass-stoppered weighing bottle

inside a desidccator.

3. -Weigh the dried salt on an analytical balance -to the

nearest O}l'mg.:

4, Transfer the ‘weighed salt to a 1- liter volumetric flask

and ill with water to the calibrated line.

5. .Mix thbroughly‘for'S or ‘10 minutes.

CALCULATIONS"

Calculate the concentration .as follows:

K(mg/ml) = (mgKCl)(0.5244)
‘ (1000 ml)
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RUBLDIUM -CARRIER

(10 mg/ml)

1. .Dissolve 14.2 grams of rubidium chloride (RbCl) in

500 ml of'water.

2. .Filter off any undissolved material.and dilute the fil-

trate to l-liter.

.3. .Pipet accurately four 5.0 ml portions of the carrier.

‘solution into four sgparate -50 ml centrifuge tubes.

4; Adjust the volume to 10 ml with 6N hydrochloric. acid (HCL).
5. Add 4 ml of chloreplatinic acid.

6. .Stir for 1l or 2 minutes and let stand for ten minutes at

20° (.

7. .Filter with suction the precipitate onto a weighed glass

fiber filter placed .in the filter ‘holder.

‘8. Wash.the precipitate three times with 5 ml portions of

6N hydrochloric acid “(HC1).

-9, -Wash'the précipitate;with,approximately"5 ml ethyl al-

cohol and 5 ml of diethyl .ether.

10. ;Place-the‘filterFCOntaining'the precipitate in an oven

and dry at 110° C for 20 minutes. Cool in a desiccator for

20 minutes.




RUBIDIUM CARRIER (Cont'd)
(10 mg/ml)

11. Weigh the filter and precipitate on an analytical balance

to the nearest 0.1 mg.

12. Subtract the tare weight of ‘the filter to obtain the

welight of the precipitate.

13. . Repeat Steps 10, 11 and 12 until constant weight is ob-

talned.

4i4(-.Four-standardizationsof the carrier solution should be

performed. .The spread .in results should be ‘less thanAOWB%.

CALCULATIONS

Rb (mg/ml) = (mg(ppt). RbpPtClg)(0.2903)
- ml (aliquote)
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SODIUM CARRIER
(10 mg/ml)

1. .Dissolve 2.5420 grams of sodium chloride (NaCl)'in.water.
NOTE: :Sodium chloride crystals should be dried in .an .oven at
110° C for 1 hour. Cool in a desiccator before'wgighing

on an -analytical balance.

-2. ~Dilute to 100 ml with water and shake for 'l or 2 minutes.

NOTE: This need not be -standardized if weighed accurately.
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- STRONTIUM CARRIER

(10 mg/ml)

1. .Dissolve 32.4 grams of strontium nitrate (Sr(NO3)2 * 4H,0

in water.

2. Dilute to l-liteér with water and shake for 1l or 2 minutes.

3. .Pipet accurately four 5.0 ml portions of the carrier so-

lution into four tared porcelain crucibles.
4., Add 500 (0.5 ml) of 1.5N sulfuric acid (HoSOy) solution.

5. With caution, carefully stir the mixture -with a thin glass

\

*gtirring-rod.

6. Wash the stirring rod with .a mlnimum quantity of water,

while collecting -the washings in fThe crucible.

-7.‘AEvaporate to drynéss under ‘an .infra-red heat lamp.

8. .Ignite the crucibles 1n a muffle furnace at -500° C for

15 minutes.

.9. Cool and weigh the crucibles and precipitates on .an .ana-

1lytical balance to the nearest 0.1 mg.

10. .Place the crucible containing the precipitate in .an

oven and dry at 110° C for 20 minutes.

'11. Cool for 20 nminutes 'in .a desiccator -and reweigh.
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.STRONTIUM .CARRIER (Cont'd)
(10 mg/ml)

-12. .Repeat steps 10 and ll_until constant weight 1s obtailned.

13. .Four‘standardization&of the carrier solution .should be

performed. The-spreadvin:results-should be ‘less than 0.5%.

CALCULA TIONS

sr(mg/ml) .= (mg(ppt)SrSoy)(0.4770)
o ml (aliquote)
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TUNGSTEN CARRIER

(10 mg/ml)

1. Dissolve 1.8 grams sodium tungstate (NagWOy * 2H50) in

water.

2. .Dilute to l-liter with water and shake for 1 or ‘2 minutes.

3. .Pipet accurately four 5.0 ml portions of the carrier so-

lution into four separate 50 ml centrifige tubes.

4, Add 10 ml concentrated nitric acid and place in a beaker
half filled with water and heat on a hot plate. Boil for

10 minutes.

5. .Filter with suction the precipitate onto an ashless fil-

ter paper.

-

»'6{-,Plaée‘tﬁé filter paper.-in a tared 40 ml porcelain_gru—

“cible and dry under a heat lamp.

,7.._vaer,ahd-ignite for 10 minutes in .a muffle furnace at

800°.c. .
8.-)Remove the cover and continue the ignition for 30 minutes.

9. Cool and weigh the criucible and precipitate $W03) on .an

aﬁalytical balance to the nearest 0.1 mg.

10. .Place the cruclible containing the precipitate ‘in .an

oven and dry at 110O C for 20 minutes.
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TUNGSTEN CARRIER {Cont'd)
(10 mg/ml

11. Cool for 10-15 minutes .in a desiccétor and reweigh.
12. Repeat steps 10 and .11 until constant weight 1s . obtained.

13. Four standardizationsof the carrier‘solution<should be

performed. .The spread in results should be less than 0.5%.

!
i

CALCULATIONS

W (mg/ml) = (mg(ppt)wo3)(0.7930)
ml (aliquote)

-




YTTRIUM CARRIER

(10 mg/ml)

1. .Dissolve 43 grams of yttrium nitrate Y(N03)3 * 6H50 1n

500 ml of water.

2. .Add 5 ml of 6N nitric acid (HNO3).

3. .Dilute to l-liter and shake for 1 or. 2 minutes.

4. Pipet accurately four S.O.ml portions of the carrier

solution into.four‘separate 50 ml centrifuge tubes.

. 5. Add 10 ml of water and heaf to boiling.

- 6, While stirring, add 20 ml of saturated ammonium oxalate

(NHy) o C50y.

7. .Heat for ten minutes on a hot water bath and then cool

in .an ice bath for 10 minutes. .’

8. Centrifuge the yttrium oxalate~Y2(0204)3 and decant the

supernatant.

‘9{'“Slgrry'thejprecipitate in 10 ml of water and filter

through a;Whétman No. .40 filter paper.
10, Wash the preclipitate with three 10 ml pdrtions of water.

11. Transfer the preclpitate to a tared porcelain crucible

and dry under a heat lamp.
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YITRIUM CARRIER (Cont'd)
(10 mg/ml) .

12. Cover and ignite for 10 minutes in a muffle furnace at

800° ¢.
13. .Remove the cover and continue the ignition for -1 hour.

14. Cool and weigh the crucible and precipitate (Y2O3) on

an analytical balance to the nearest 0.1 mg.

15. .Place the crucible containing the precipitate in an oven

and dry at 110° C for 20 minutes.
16. Cool for 20 minutes in a desiccator and reweigh;
17. Repeat steps 15 and 16 until copstant weight 1s obtalned.

18. Four standardizationsof the carrier solution should be

performed.. The spread in results should be less than -0.5%.

CALCULATIONS

Y (mg/nl) = (mg(ppt) Y03 (0.7875)
ml (aliquote)
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ZIRCONIUM CARRIER

(10 mg/ml)

1. .Dissolve 30 grams of zirconyl nitrate (ZrQ(NO3)2 ' 2H,0
in approximately 300 ml of water. (Add'sufficient‘hitric

acid (HNO3) to make the solution 4N in nitric acid (HNO3).)

o. Fllter and make the filtrate up to a volume -of ‘l-liter:
with 4N nitric acid (HN03). (Shake the solution .for 1 or

2 minutes).

.3. .Pipet accurately four 5.0 ml bortions of the carriler.

solution into four separate 50 ml centrifuge tubes.

4. Make the solution 2N hydrochloric acid (HC1) and cool

in an ice bath.

5. Add approkimately'E ml - of 6% cupferron reagent and fil-

ter,with a filter funnel psing.Whatman'No. 42 filter paper.

6. Wash the precipitate with 1N hydrochloric acid (HC1)
containingsa~little cupferron.
.NOTE;"Keep all solutions and zirconium derivative of cup-

@

ferron cold.

7. .Transfer the precipitate to a tared porcelain crucible

and dry under -a heat lamp.

‘8. Cover and ignite for 10 minutes in a muffle furnace at

700° ¢,



.ZIRCONIUM CARRIER (Cont'd)
(10 mg/ml)

9. .Remove the cover and continue the ignition for 1 hour.

10. Cool and weigh the crucible and precipitate (Zr02) on

an analytical balance to the nearest 0.1 mg.

'11. Place the crucible containing the precipitate in an

oven and dry at 110° C for 20 minutes.
12. .Cool for 20 minutes 1in a desiccator-and reweigh.

13. Repeat steps 11 and 12 untll constant weight 1s ob-

tained.

14, TFour standardizatioms of the carrier -solution should

‘be performed. The~spread:in results should be less than

0.5%.

_CALCULATIONS
 2Zr (mg/ml) = (mg(ppt)zrop)(0.7402)
e ml (aliquote)
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SECTION 'IITI

COUNTING TECHNIQUES AND DATA HANDLING

This section will provide a working knowledge to analyze. and re-

port data intelligently. . Also this section will aid in under-

standing how the: methods of statistics may be applied to:data ob-

tained from section V "Radiochemistry Procedures'.

A,

COUNTING- ERRORS

1.  The Standard.Deviation - The standard deviation is the

basis of all error calculations in radiation counting.

oN =N

-Where: ON = standard deviation of N

=N observed counts

‘Therefore 1f N counts are observed in T minutes, R the count

N
rate R = T - and the:.standard deviation CTR of the count rate

equals the square root of the observed counts divided by the

time:
W
OrR= T
For example, 1if 40,000 counts are observed in 10 -minutes,
Then N = 40,000
T = 10 1
‘R oN - 40,000 = 4,000 C min
A 10
. Therefore:
ON VN =V40,000 = 200 counts ‘
V40,000 200 = 20 C min 1

Or =15~ = "10

Therefore, the true count rate R and the standard deviation of

-1

that count rate R is 4,000 C min + the standard deviation of
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COUNTING.ERRORS (Cont'd)

20 ¢ min~t.

CONFIDENCE .LEVELS ..

In.the example mentioned .above, if we say that the true count
rate R = 4,000 ¢ min~! +20C min™t, we have assigned an error
of 1 standard-deviation. Statistical principles show that the
distribution of errors for a random process such as radioactive
decay follows a.bell. shaped distribution curve. If we assign
an error to the observed .count rate of 1 standard deviation,
the trué count rate -will on the average lie within the quoted -
-error limits 2/3 or 67 percent of the time. If we assign . an
error of 2 standard deviations, the true count rate wili lie
within the stated error limits of 95% of the time. If we
~assign an- error of 3 standard deviations, the true number will
lie within the quoted error limits of 99.9% of the.time. .I
would- 1ike to ‘point out as long as you understand the proba-
bilities connécted.with the error you quote, you may use any

‘number. of standard deviations you wish.

.The;relationship-between the number of standard deviations and
the probability that the true number lies within the error

limits'qQOfed,is summarized as follows:

Probability that

the true number Number. of In

lies within. the standard devi- c¢/m
"Name of Confidence quoted -error limits -ations used()” equal.to
‘Standard devia. | 0.67 | 1 N/T
95% 0.95 2 2 N/T
99.9% : 0.999 3 3 N/T
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_ CONFIDENCE LEVELS (Continued)

It is considered good practice in radiation counting to use
the two sigmaL?Cﬁkrwor’(95% error or 95% confidence levely. If
you use the two sigma error consistently and the equipment you
are- using is truly reproducible, you can be confident that the
true: numbers lie within the quoted error limits 95% of the
time. For example, if you observe 900 counts in 15 minutes,
the 95% confidence in counts per minute is twice the . square
root of the number of counts divided by the time or
N = 900 counts, T = 15 minuts, R = 60 c¢/m
95% conficence = 23ﬁ575-= 2V§66715 =2 (30)/15 = 4 ¢/m

True count rate R= 60 + 4 c¢/m (95% confidence)

CHI - SQUARED TEST

When a counterAénd its electronic components are operating

propérly, the accuracy in determining the counting rate of

‘a source is limited‘by the random nature of the disintigration

,procéss. fif it is not working propefly; repeated counts on

the samé sample will be such that on the average counts will

be outside the Chi-square limits.

Chi-square is defined as follows:

Chi-square = E: (x1 - X)2

where: X
Xi = observed count for each determination
¥ = mean count (average).

-51-




CHI - SQUARED TEST

(Continued)

The following table shows the allowed limits of Chi-square for

different numbers of determinations.

.Allowed Limits of Chi-square beyond which it is 99 percent

certain that statistical reproducibility is lacking

Number of
_Determinations

)
10

15
20

30

CAUTION:

supposedly duplicate samples.

= . L
O\ O~ OWT =W N

. Determination X1

1069
1128
1017

1023
11082

1090

1030

1118
11094

1088

et

zx1=i0739

=.10739 = 1074

10
Chi-square

_ L (x1-X)°
X

Xi - X

-5
+54
=57
_51
+8
+16
=44
+44
+20
+14

Chi-square limits

0.3 - 13
.2 - 22
4 - 29
7T - 36
14 - 50

Replicate counts should be made with the same sample and not on

- An example of Chi-square test where 10 counts were taken:

2
(X1-X)

25
2916
3249

- 2601
64
256
1936
1936
400
196

—————ten

13,579

12.6 for 10 determinations



_ CHI-SQUARED TEST (Continued)

For 10 determinations the Chi-square limits are 2-22,.since

S

the above example indicated 12.6 for 10 detérminations. There -
fore, there 1s no .evidence of any statistical nonreproducibility

in the example.

PLATEAU DETERMINATION

A plateau is determined by increasing the Voltage, the count

rate will increase rapidly and then approach a cons tant value.
Further voltage increases result in only slight increases in

counting rate, therefore, this region is called the plateau.

.The end of the plateau is indicated by a second rapid counting

rate increase as the region of continuous discharge is reached.

The following is the.procedure:

‘Place a NBS --Radium DEF source in the. proportional counter and

~adjust the high voltage to the point where the counting begins.

This is called the starting voltage. Obtain one minute counts
at 50 volt increments. See figure.I for an example type plateau

curve for a. flow-type. proportional counter.

CAUTION
Do not increase the voltage above the second (Beta pldteau

"on figure I) increase in count rate.

COUNTING:EFFICIENCY

This- portion of section:IIT will show how to determine counter
efficiency. Therefore, in order to relate count rates to a

dissintegration rate, all measurements should be converted to a
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. COUNTING EFFICIENCY"

common base. This base is the absolute disintegration rate

of standard calibrated sources. . The ratio:of the count rate

~obtained to the distinfegration rate of the source is known

as the counting efficiency.

. PROPORTIONAL COUNTERS

Place the beta. or alpha standard in the sample drawer and count
for 10 minutés or longer until at least 10,000 counts have been
accumulated. I
NOTE: -For the beta standard, set the voltage on the beta
-plateau and for the alpha standard set the voltage on the

alpha plateau. .See section.III-D on plateau determination

for-further.information.

. Divide the net counts by the time counted.

NOTE:  Net counts means total couﬂts minus the background
counts. . Then divide the counts per minute by the disite-

gration rate of the standard.

NOTE: The disintegration rate of the standard.should be

corrected for decay since standardization.

EXAMPLE
A.cérbon~lﬂ standard with a disintegration rate of 1.1X104 disinte-
gration per minute gives 16,870 counts in 10 minutes. . The counter

background is 12 counts per minute.
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Count Rate

FIGURE I

Counting rate vs countér'voltage for a flow-type Proportional counter.
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16,870
Net counts per minute = (T~ 10 ) - (12)

Net cpm = 1675

Therefore the counting efficiency is: eff. =1.1X10 = .152

GAMMA -RAY COUNTING

Gamma rays are measured by a scintillation counter. . Gamma

rays from a test sample enter a detector crystal (eg.. Na.I (T1)
Sodium-iodide crystal), transferring all or portions of its
energy tb-it. .The crystal then emits light flashes, the number
of which is proportional to the energy the cfystal received
.from.the sample emitting off Gamma rays. By the use of suitable
light sensitive devices and electronic épparatus a pulse 1is ob-
tained which is related to the disintegration rates of the

radionuclides in the sample.’

There are th wayé £d identify an unknown radionuclide by gamma-
ray‘counting type technique. The first method is repeated counting
ovef a pefiod of time and plotting a decay curve on semilog

paper of the;count rate vs time, which will determine the half-
1ife of the radionuclide. . The gammé-ray energy of the radionu-

clide would be the second method to identify the unknown.

.It is desirable to calibrate the multi-channel analyzer so that
there is a convenient factor which will convert channel number

to Mev (Million electron volts or Kev Kilo electron volts).

To determine the counter efficiency over a range of energies,
it is necessary to follow the procedure as outlined below:
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- GAMMA RAY COUNTING (Continued)

L. Place the following gamma ray standards at various dis-

/

tances and count for-a few minutes until at least lO4
coﬁnts have been.accumulated.
Nuclide <:Energy of gamma-ray
o (Mev)
Hg-203 Q-é79
Bi-207 ’ .0.569
Cs-137. : | 0.661
v88 | 0.898
"Bi1-207 | v 1.063
Co-60 1.17
Na-22 1.27
Co-60 1.33
Na-24 1.37
y-88 1.84
T1-208 2.61
Na-24 2.76

2. Divide the net coants'by the time counted.

NOTE: Net ééuhts means total counts minus the background counts.
3, To_détefmine,effiqieﬁcy factor, divide the counts per minute of
the étanéafd’by the.disintegration rate of the standérd.

-.NOTE: The disintegration rate of the standérd should be

corrected for decay since standardization.
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EXAMPLE

A cesium-137 standéﬁd‘with a disintegration rate of 2,0-X 10

disintegration per minﬁte gives 14,800 counts in 10 minutes. The

counter background is 22 counts ‘per minute.

a) ' The area under the 0,661 photopeak is determined by summing
‘individual channel data over the entire photopeak region
(0.661 Mev cs 137y, |

' : -137
. Therefore the counting efficiency for Cs 0.661 Mev is:

‘Net counts per minute = 14,800 - (22)
, 10

Net cpm = 1458

Counter Eff = 1458
’ _ -2

2.0 x 104 = 7.29 x 10

F, . DATA REPORT

_Ali’Saﬁpling;JSeparatidn.and counting data should be reported
Oanorm LACBWR-Rw-1. _All of the columns may not be needed for

“every analysis. .The one that is needed should be filled in.

,Théyfoiléw;ngfis'theﬂdefined terms for the LACBWR-RW-1 form:

Lab-Number - This number should be assigned by the chemistry lab

Sample Number - The designation of the sample shall be written

here

Location-Sampling Point - Location on the reactor system, such as

the valve number

AAnalysis Requested - Data needed, such as I-131, Gross Beta, etc.
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DATA REPORT (Continued)

Sampling

Time - .Time when sample was taken

Date - Date when:sample-waS»takén

‘Temperature 6f Sample - Temperature should be taken

immediately after sample has been taken

Activity at Contact - -Measure activity using a Cutie-pie

or G-M survey meter and reporthR/ﬁR at contact

Appearance of Sample - Color and if suspended solids are

present

-Sample Location-Temp.- Temperature of the fluid from which

- the sample was taken.

- Sample Location Flowrate - -Flowrate of the fluid from which

the sample was taken

- Reactor Power Level - Power level during taking the sample

Signaturé of Samples - The person taking the sample should

sign here
Remarks —vAAny special comments concerning the sample shall
be wfitten here.

Separation Data -

?imel—'The time lsotope was separated from the sample taken

Date - The date 1lsotope was separated from the sample taken

Wt,[of'Sample_and Filter - Carrier recovered plus the filter
weight, .Eg.. See method RC-1 Step D-26

Carrier OQut - Sdbtract the wt of filter from the wt of Sample +

~Filter..Eg.. See method. RC-1 Step D-27

Carrier In - Carrier added to the sample before separation.. Eg.

see method RC-1, Step D-1
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- Aliquote - The amount of sample analyzed shall be entered
here. For water samples this shall-be in ml and for solid
samples in gm.

-Total Volume - Total amount of the original sample.

-Separation Performed by - The signature of the individual

who -performed the chemical separation of the sample.

Counting Data - Two columns are available if two isotopes

are needed such as iodine-I-131 and I-133 or manganese -Mn-54
and Mn-56.
.Isotope - .Isotope counted such as I-131, Cr-51 etc.

-Instrument - The serial number of the counter used shall be

written.

- Time - The time of starting the céunt shall be written here

using 24 hour clock.

Date - The day, month and year of counting shall be written
here.

[&t,_ The length of time, in minutes, the sample was counted
shall be entered here,.

. Total Counts - The total number of counts accumulated over

the /A t period.

- Background counts - The total number of counts accumulated

during the counter background determination shall be entered
here. .This counting time period should be the same as
measured during sample counting.

Net Counts - The difference between the total counts and back-

ground counts shall be entered here.

R*¥ - Dead time correction for GM tubes shall be entered here.
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. Absorber - The absorber weight used during counting the sample.
.Eg: gms/cm2

.Shelf - The shelf or distance from the detector the sample was

counted

-Memory Location - The number of channels used for counting the

- sample Eg: 1/2 the memory on the Gamma ray spectrometer.

Shelf Factor - The counting efficiency of the sample shall be

entered here. .For alpha and beta counting this shall be

equal to the counting efficiency of the standard. . For gamma
counting this shall be equal to the counting efficiency of the .
radionuclide.

Gain - -Multi-channel analyzer gain setting.

Counting Performed by - The signature of the individual who per-

formed the counting of the sample.
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'I'lll

‘I'!I.

Form LACBWR-RW=-1|

Lab;Number : Sample Number Location-Sampling Poﬁhf Analysis-Requested
- Counting - Data )
Sampling Separation - Data { sotope | {sotope
Time Time instrument ‘insfrumenf
pate Date Time Time
Wt of Sample + Filter . | Date Date

Purification Operating

Temperature of Sample

Activity at Contact

Appearance of Sample
Sample Location Temp.

Sample Location
Flowrate

Reactor Power Level
(During Sampling)

Signature of
Sampler

Remarks:

Wt of Filter

Carrier Out

“JCarrier iIn

Aliquote

Total Volume

Separation- per-
formed by

A+

} Total Counts

— A+

Total Counts

Background Counts

Background Counts

| Net Counts
R¥*

Absorber

————————————

=

Remarks:

Shel f .
Memory Location

Shelf Factor

Net Counts
R*
| Absorber

 Shel f

“} Memory Location

| Shel f Factor

Gain

Counting performed by

‘Gain

R* Dead Time Corfecfioh '

Remarks:
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Calculation Sheet

This sheet would be on the reverse side of Form LACBWR-RW-1.

Chem. { Volume Photo peak Gamma |Decay Rate CfR
Activity| Yield| Correction | .detector Eff. gg:gg" dis. per min. at one
! sotope | Date Time C min~! () « X) (=) ed per ml or gm stand.Dev
. , \_gl
7
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.. The LACBWR-RW-2.form should-be used for-counting samples over a

period of time for determining decay studies.
The following is the defined terms for the LACBWR-RW-2 form:

Lab number - This number should- be assigned by

the Chemistry lab.

Sample number - The designation of the sample

should be written here.

. Instrument counted on - ‘The serial number of the éounter

and type used shall be written in

bhis space.

Date - The day, month and year of counting

shall be written here, .

Time - The time of starting the count
shall be written here using

24 hour clock

Total Count Rate - The total number of counts
‘accumulated over the AT period.
AT - | The length of time, in minuted,.

the sample was counted shall be
entered here

C min - The counts per minute shall be

entered here
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—_—

- Total Background counts -

Z&T~Background counts -

-1

.C 'min Background -

. Net Cmin = -

Shelf PFactor -

d min -1

Counted.By -

-65-

The total number of background
counts ‘accumulated over the back-

ground AT period.

- The length of time, in minutes,

the background was counted

shall be entered here

The background counts per minute
shall be entered here.

The difference between the total
counts and background counts

shall be entered here.

- The counting efficiency of the

sample shall be entered here;.ForA
alpha and beta counting this shall
be equal'to the counting,
efficiency of the standafd. . For
gamma counting this shall be equal
to the counting efficiency.of the

radionuclide.

Disintegration rate shall be entered

here

~.The initials of the individual

who -performed the counting of the

gample



Lab number

Sample number

LACBWR~RW-2

Counting sheet for becay Studies

{nstrument counted on

Date

Time

Total
count rate

min

Cmin !

Total
Background
counts '

AT

Bkg

min

Cmin

Bkg

Net
Cmin ~!

shel f
factor

dmin

Counted
By




Determination of Half-Life (t3)

The time interval required for a. radioisotope to decay to half
its original activity is called the half-life. .It may be

calculated from:

-
>.J

where:

;K = decay constant for the specific radioisotope.

Therefore to determine the half-life dount the. sample at one
minute intervals. . If there does not appear to be a . significant
difference between successive determinations, count every

10 minutes. - After three or more 10 minute counts no significant
difference has been.observed, use longer periods of time until
there is about 5 to 10 percent decrease in activity between
successive counts. Using semllog' paper plot the net

countrate (background has been subtracted) on the logarithmic
ordinate and time on the linear abscissa. - If a.single radio-
nuclide is present, a straight line will be observed as shown
in figure II. . If two radionuclide are present,.a .straight line
will'not be observed but a curve with two components-as shown

in figure III will be observed. .If there are more than  two

radionuclides, this method will not be too accurate, necessitating

a radiochemical separation to determine accurately the radio-
nuclides present. Once the half-life is determined, a
tentative identification of the nuclide on a single and a two
component unknown sample may be made using the General-Electfic

chart of the Nuclides or similar type chart. . More positive
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NET COUNT RATE
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. Determination. of Half-Life (t3) (continued)

identification can be made from the beta andvgamma‘energies'
as determined.by a Feather analysis, radiochemical separation

and a gamma spectrum.

- RADIOQOACTIVE DECAY CORRECTIONS

"To correct to the initial activity Ao, the procedure beloﬁﬁshould

be followed:
Divide the elapsed time between oounting and sampling by
the half-1life of the radionuclide which has héén
determined by using the method mentioned in Section .II-G.
Using figure IV and knowing the number of t3 (half—life)
the sample has decayed the value (%6 ) fr%ction of activity

remainihgldan be read off the logarithmic ordinaté of figure IV,

A

ADivide'the-agtivity by the Ay value to obtain the initial

‘activity.

..Tp-expléiﬁythis better I will show how a typical problem can

»'A‘éamplefwas takenffrom,the-reactor system onﬂJanuary 1. (0600

hrsp)“andﬁ%ﬁe.éepérated.sample was counted for I-131 (1000 C min~1)
on Januafy 7. (0600 hrs.).
The half-life of I-131 - 8.05 days time from:sampling to
counting time - 6 days o

t. = 6 days = 0.746
T 8.05 days

Therefore divide:
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 RADIQACTIVE. DECAY CORRECTIONS (Continued)

A
Using figure IV read on the abscissa 0.746 and find A, on

the logarithmic ordinate (see figure IV for illustration)

A = 59
_AO

The activity at sampling time is:

1000 ¢ min™l = 1695emin -1
.59

Using a slide rule the sample problem above can be solved by

multiplying A times t and reading the ILO2 scale for the

e  value.
EXAMPLE: - L
“‘Where - A .= Aoe - Ae
1000 cpm = Aoe -(.0862) (6.0 days)
A= .693 - = .0862
. 8B.05 days ‘ ;
/’\

Théréfore using a slide rule place 1 on.the C scale over the
Djsdale 862 and. then moving the hairline to 6 on the C scale,

read the LLO2 scale. . The reading should be .596.

. FEATHER- ANALYSIS

This type analysis identifiies the Beta energy or energies of
an unknown radioactive sample. To identify the unknown sample

by its beta energies the following procedure should be followed:

. Place the sample in .the propbrtional flow counter or under
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the G-M counter and count for 10 minutes with no absorber
and with aluminum absorbers of abproximately 5 to 3500 mg/cm2
thicknesses. (Backgfound should be subtracted for each
measurement) .
CAUTION: To carry out these measurements, the aluminum
absorbers are to be placed as near to the counting tube
as possible to minimize scattering effects.
Calculate the total absorber for each measurement by adding
to thg aluminum absorber the thickness in mg/cm2 of the counting
tube window and the éir between the sample and the counting
tube.
NOTE: This is equal to the distance in cm:-times the
density of air in mg/cm?2 at the ambient temperature,
pressure and humidity. (This information can be found
invtheﬁHaﬁdbook of Chemistry and Physics for these
densi#ies). Normally this correction 1s made when .extreme

accuracy 1is necessary.:

.Using semi—log'paper, plot the count rate.on. the logarithmic
ordinate vs the absorber on the linear abscissa as shown

in figure V, and the maximum range is taken as the absorber
thickness at which the curve flattens out to the constant back-
groﬁndl

-See figure VI for the Beta particle range energy curve.
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NET COUNT RATE

FIGURE V
Typical type of Qray absorption curve.
E = 1.85 (R) + 0.245 _
= 1.85 (.505 gm/em?) + 0.2L5°
E = 1.17 Mev.
Read Figure VI - It will
103 4 the same answer.
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Beta Particle Range Energy Curve
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-SECTION IV

WATER CHEMISTRY METHODS

Section IV 1s a collection of water chemistry procedures for
determining constituents in reactor steam and water. The‘
method specified for these analysés was dhosen-on the ac-
curacy and simplicitj of the method. The methods have been
taken from ASTM and various established methods throughout

the industry.
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P DETERMINATION

Method No, WC'1

SUMMARY OF METHOD

The hydrogen ion Concentration is indicated by a PH measurement'

which may be made with electrical instruments.

APPARATUS

1.

2
3
i,
5

Beckman Zeromatic PH meter or equivalent
Glass electrode

Calomel reference electrode

Temperature Compensation Probe

Normal laboratory glassware is required for this work,

REAGENTS AND MATERIALS

1. Standard set of buffer solution ?Hfl-lu @ 2500.

PROCEDURE

1. Sllde rubber sleeve down to expose vent hole on the referency

'_eleotrode Rinse the electrodes with demlneralized water and

wipe dry .

- NOTE Instrument should have a warm up period of 15 30 minutes.

2; Standardlze PH meter using standard buffer solutions whose
pH value is close to that expected in the sample.

3. Immerse the electrodes in one buffer solution, depress READ

button and adjust the ASYMETRY CONTROL to set the meter needle
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~ PROCEDURE (Cont'd)

to exactly read tne PH of the rating stated for the buffer
solution.
4, Depress STANDBY button, remove electrodes, wash electrodes
with demineralized water and wipe dry. '
5. Repeat step 4,1.4.3 and 4.1.4.4 using a different buffer

PH range.

" 6. Insert electrodes into sample and let stand for a few

minutes, depress READ button and read P on meter,
NOTE: Sample should be approximately at room temperature

7. Cover vent hole upon completion of test.

CALCULATIONS

None

.:3PRECAUTI@NS

”llttheave the instrument connected to the power line except when
T'cn‘notato be used»for extended periods

2}i;Depress STANDBY button when the instrument is not in use, and

’iwhenever removing the electrodes

43f” It is essential to’ standardize the instrument at least daily

with the buffer solution}
4, A new glass electrode should be soaked in water for several
hours before use. If stored in water it is ready for

immediate use. Be certain the Calomel reference electrode

_78i




PRECAUTIONS (Cont'd)

is filled with saturated K C1l solution, and contains K Cl
crystals. The electrode may be temporarily stored in
" demineralized water. The.long periods of storage, store

in saturated K C1 solution. .
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CONDUCTIVITY DETERMINATION

(Dip Cell Method)

Method No., WC-2

A.  SUMMARY OF METHOD

A dip cell is immersed in the sample water and the conductivity

is read directly from a bridge type instrument.
B. APPARATUS

1.” RD-327 Solu Bridge
2. Cel-A-002 Dip Cell
NOTE: The RD-327 Solu Bridge conductivity scale 1s calibrated,
and is direct reading, for use with a cell that has a |
cell_Constant 6f 2. The dip cell being uséd has a cell
constant of 0.02, Therefore, it i1s necessary to multiply
u_ﬁhe §§ale ﬁegding obtained by 0.0l to correct for the use

fOf<a_ée11 with a lower cell constant.

3. 250.ml Erlenmeyer flask - 2 each -

C. REAGENTS AND MATERIALS

1.--?urityfof‘Water*4 All water used in preparing the reagents
ahd in_diluting the samples shall be demineralized water
and conform to the Specification for Reagent Water (ASTM

Designation D1193).
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PROCEDURE

1. Connect the dip céll leads to the terminals at the bottom

of the Solu Bridge.

2. Plug line cord into 120 volt outlet

3. Transfer solution to be tested into a 250 ml Erlenmeyer flask.

L, Remove dip cell from storage flask and place in the solution
to be tested. Move the cell up and down under the solution
until all air bubbles inside the cell casing or shield are

removed. Immerse the cell to a point at least 3" above the

air vents. Alloy at least 3" clearance at the sides and bottom.
NOTE: The cell is normally stored in a 250 ml Erlenmeyer
flask in demineralized water,

5. Tufn the switch to the ON position and allow about 30 seconds’
for warm up. |

6. Measure the temperature of the solution with a thermometer,
and set fhe pointer of the temperature scale to the corre-
sponding va1ue. |

7. Rotate:the.nointer of the conductivity scale until the black
segment of the electron‘ray tube reaches its widest opening.

The bridge is now at balance. The scale 1s read and the

reading multiplied by 0.0l to determine the conductivity..

CALCULATIONS

Direct reading from the instrument. See step D-7 for determining

the conductivity of the sample.
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'CHLORIDE DETERMINATION

Method No, WC-3 -

SUMMARY OF METHOD

The chloride ibn’reacté ﬁith'the mercﬁric thiocyanate to. produce
thiocyanate ion to fofm red ferric thiocyanate. The intensity

of the color, whidh is proportionail to the concentration‘of the
chloride ion, is measured photometrically at a wave length of 463
mLLusihg a 10 cm cell. This mgthod is good in the range of 6.92

to iO ppm chloride ion,

APPARATUS

1. Spectrophotometer - Beckman DU Spectrophotometer is preferred.

2. Normal laboratdry glassware 1is required for this work

REAGENTS AND MATERIALS

1, Purity of:Wéter - A1l water used in preparing the reagents

and. in dilﬁting the samples shall be demineralized water and

conform to the Specification for Reagent Water (ASTM

" ‘Designation D1193).

25'bFefficvaiutibﬁ4-'Dissolve 5.0 g of ferrous ammonium sulfate
A,';ﬁé(NHﬁjé(Sou)gg;'6H20 in 20 ml of water. Add 38 ml of con-
.centrated nitric acid and boil to oxidize the iron and rembve.
thé.oxides of nitrggen, Dilute to 100 ml with halide free

water,

3. Mercuric thiocyanate, methanol solution (3 g per 1iter) -

Dissolve 0,30 grams of mercuric thiocyanate in 100 ml of
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REAGENTS AND MATERIALS (Cont'd)

D.

PROCEDURE

methanol. Store in amber bottles, Allow to stand for at
least 24 hours before using.
CAUTION: Do not use if more than four. weeks old.

Sodium chloride standard solution (10 mg Cl per liter) -

Dry sodium chloride (NaCl) .to constant weight at 105O C.
Prepare é stock solution by dissolving exactly 1.649 grams
of the dry NaCl in water and dilute to 1 iiter. Prepare the
standard solution as needed by diluting 10 ml of the stock
to water with chloride free water. The resulting standard
contains 10 mg of chloride ion per liter.

15,.7N Nitric Acid - concentrated Nitric acid (HNO3)

CAUTION: Soak all new glassware in hot (1-20) nitric acid

(HNO3) for several hours. To be certain that new
glassware is conditioned for the test, run a chloride
determination on halide free water. After the run,
rinse the glassware thoroughly. Soak the'glassware
in halide free water bétween tests. Discard all
glassware fhat appears etched or scratched.

Prepare series of reference standards by diluting suitable

volumes of the standard chloride solution with halide free

water, The series should cover the range from 0.02 ppm to

10 ppm.

NOTE: The temperature of the solutions used for calibration

must be the same as that of the sample tested.

;83_



PROCEDURE (Cont'd)

é. :Transfer 25 ml of sample to a glass-stoppered volumetfic
flask or bottle. |

3, To each of the calibration standards and samples add 5 ml
of ferric solution and. 2.5 ml of mercuric thiocyanate
solution.

4, Shake thoroughly for 1 or 2 minutes and allow to stand for

10 minutes,

5. Measure the intensity of the color formed using the DU

Spectrophotometer.
NOTE: Adjust the zero setting of the spectrophotometer .
by using.25 ml of halide free water tested in

accordance with steps D3 and D4,

CALCULATIONS

Prepare a calibfation curve by plotting the readings on the
photometer versus the concentration of chloride. When the
scale of the photometer reads directly in absorbance, plot the
curve on rectilinear paper. When'thé scale reads in trans-
mittance, it is convenient to plot the results on semi-log
paper, using the -single cycle 1og-axism$o plot transmittance - -

and the'iinear'akis to plot concentrations.
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IRON DETERMINATION

Method No. WC-4

SUMMARY OF METHOD

Iron is determined photomeﬁrically as the orange-red complex at
about pi 4.0, Measurement is made at 510 m%(on the DU spectro-

photometer using a 1 cm cell,
APPARATUS

1.  Spectrophotometer - Beckman DU Spectrophotometer 1is

preferred.
2. Normal laboratory glassware is required for this work.
NOTE: Rinse all glassware in concentrated hydrochloric

acid (HC1).

REAGENTS AND MATERIALS

-

1. Purity of Reagents - Reagent grade chemicals shall be used

to prepare reagents. Unless otherwise indicated, all
réégehts shall conform to the specifications of the'Gommittee
on Analytical Reagénts of the American Chemical SOciety.
Other reagents may be used, provided they are of sufficient

purity to give the same accuracy.

2., Purity of Water - All water used in preparing the reagents

and in diluting the samples shall be demineralized water

and conform to the Specification for Reagent Water (ASTM

Designation D1193).

<
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REAGENTS AND MATERIALS (Cont'd)

- hydroxylamine hydrochloride (NH

6N_Hydrochloric Acid 5fMeasure 498 ml of (12.1N) Hydrochloric

Acid and dilute to 1-liter-with water.

4N Hydrochloric Acid - .Measure 232 ml of (12.1N) Hydrochloric

Acid and dilute to 1-liter with water.

Hydroylamine Hydrochloride Solution - Dissolve 10 grams of
SOH. HC1l) in a small quantity
of water and dilute to.100 ml. This solution is stable for

several months.

Orthophenanthroline (1-10-phenanthroline) Solution - Dissolve

0.1 gram of ‘the orthophenanthroline in 10 ml of ethyl alcohol,
and diluté to 100 ml with water. The solution should be dis-
carded if it darkens.

Acetate Buffer Solution - Dissolve 50 grams of ammonium

acetate, NHjCoH30p in 50 ml of demineralized water. Add 100

" ml of Glacial Acetic acid, and dilute to 500 ml with water.

.3N Ammonium Hydroxide - Measure 202 ml of concentrated

(14.8N) ammonium hydioxide (NH)OH) and dilute to 1-liter

with water.

Standard Iron Solution (I1ml=0,1000 mg Fe) - Weigh 0,1000

gram of electrolytic "iron wire for standardizing" and

place in a 50 ml beaker. Dissolve in 20 ml of 4N

'hydrochloric acid (HC1l) while heating gently on a hot

plate., Transfer to a 1l-liter volumetric flask using

water and dilute to L-liter with water.
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REAGENTS AND MATERIALS (Cont'd)

10. 10 ppm Iron Standard_Solution -~ Measure accurately 10 ml

of the C-9 stock solution and dilute to 100 ml with water.

(Use volumetric flask for this operation).
D, PROCEDURE

1. Pipet 1, 5, 10 and 50 ml aliquots of the C-10 iron standard
solution -into separate.250 ml Erlenmeyer flasks. Also

prepare -a blank with no iron standard added.

NOTE: The iron soiution aliquots represents iron concentra-
‘ tioné of 0.10, 0.50, 1.0 and 5.0 ppm ‘respectively.
2. To each sample add 1 ml of 6N hydrochloric acid (HC1l) and
boil on a hot plate for 5 minutes and cool in a water batﬁ.
3. .To each sample»add 1 ml of hydroxylamine hydrochloride and
mix}bj,swifiing the solution in .the Erlenmeyer flasks for
'approkimately{i~minute.
4, Add 5 mi.Orthophenanthroline to each flask, and .swirl flask
to mix solution.
5. Add 5 ml acetate buffer to each flaSk.
6. . Dropwise, addA3N ammonium hydroxide (NHyOH) to é.pH‘bf 3.5
- to 4.0 is reached or to make Congo-red indicator paper
red. |
7. Quantitatively transfer the samples to 100 ml volumetric
flasks and dilute to volume mark with water and shake for
1 or 2 minutes. .Allow to stand for'15 minutes for full-
color development.
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k REAGENTS AND MATERIAIS (Cont'd)

P .

Read the.transmittaﬁce on ghe DU Spectrophotomer at 510 m{{
using 1 cmlcellso |
9. Secure a fresh sample (sample needed to be analyzed for
I iron content) and pipet a 50 ml: aliqugt into a 250 ml
Erleﬁmeyerfflébk,:
NOTE: Prepare sambles for analysis as follows:
1. Primary water - none
"2, Crud - Fume aliquot to eliminate all interfering acids.
NOTE: If ailowed to bake, black M’nO2 precipitates., Add
some demineralized watér-plus 6N hydrochloric acid (HC1)
blus‘one drop of 30% Hydrogen Peroxide to reduce the
'Méganése. Boil off the péro%ide.' Manganese concehtra—
tion should not exceed 2 ‘mg/25ml final volume.
10.. Repeat steps D-2, D-3, D-4;, D-5, D-6 and D-7.
11. Repeat Step b-8 aﬁd‘obtain Fe concentration from curve
,produced on steps E-1.

E. CAICULATIONS .

1, PlOt,the'reading from step D-8 versus concentration of iron
(ppm .in 100 ml) on semi-log paper.

NOTE: This plot should be a straight line,

Total Iron (ppm) = standard curve reading (ppm) (100 m1)
' ' sample volume (ml)
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SUSPENDED SOLIDS DETERMINATION

Method No, WC-5

SUMMARY OF METHOD

The suspended solids is determined by filtering the sample

through a Millipore filter.

APPARATUS

1. Normal laboratory glassware is required for thié method.

2. TPFilter - Millipore type HA filter (47 mm).

3, Stainless filter holder - hydrosol stainless filter holder
Cat No, XX20-047-20 Millipore Co,

L, 'Graduated Cylinder - 1000 ml capacity.

. Desiccator - The desiccator should be sihilar to Fisher No, 8-615,

6. Oven - Oven should be gravity convection type and be able to
supply uniform heat at 110° ¥ 0.59C . |

7. |

Analytical Balance - It should be capable to weigh to the

nearest 0,1 mg,

REAGENTS AND MATERIALS

1.

‘None. -

~ PROCEDURE

Dry a Millipore type HA filter in an oven at 110°¢C t 5°C

for 2 minutes.

Place the filter into a desiccator and cool.

-89~




% PROCEDURE (Cont'd)

3. Weigh the filter to the 0.10 mg on the analytical balance.

L, Repeat.steps D-1, D-2 and D-3 until content weight is |
obtained. |

5, Place the filtér_in the one liter stainless stéel filter-
holder. |

6. Measure IOOOiml of the sample using a graduated cylinder
and vacuum filter through the filter holder.

~ CAUTION: The filtrate should be collected in a clean 1000
ml filter flask. Also save the filtrate for further
) analysis.,

7. Remove the filter and dry in an oven at 110° t 59¢ and
repeat steps D-2, D-3 and D-4,

CALCULATIONS

Suspended Solids (ppm) = 1000 (W, - Wi)

7

where:

Wi = initial weight of filter in mg.

o Wo ='finél weight of filter plus suspended solids in mg,

v volume of samples in milliters.
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DISSOILVED SOLIDS DETERMINATION

Method No, WC-6

SUMMARY OF METHOD . -

The dissolved solids are determined by evaporation of a

known volume of a filter sample from procedure WC-5 in a

tared evaporating dish,

APPARATUS
1. Normal laboratory glassware is required for this work,
2, Evaporating Dish - 150 ml size, pyrex or equivaient glass
should be used.. :
3. Desiccator - The desiccatbrishould be similar to Fisher Nb, 8.615,
4, ngﬁ_— Oven should be gravity'convection type and be able tp |
supply uniform heat at 110°% * O,SOC.
5. 4Analytigal Balénce - It should be capable to weigh to the nearest
- AO,l'mg; | |
PROCEDURE
.1,,'The filtfate collected in step D-6 of the WC-5 method is
used to determine dissolved solids,
2, Clean a pyfék.evaporating~dish by washing carefully. in
cleaning solution or a good detergent cleaning compound.
Rinse thoroughly with demineralized water.
3. Dry and place in oven at 105—11000 for several hours. Cool

in desiccator until dish is at room temperature’. Weigh dish

to nearest 0,10 mg on the analytical balance.
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{ .
" PROCEDURE (Cont'd)

L, Pipet a lOOO‘mi,sample into the evaporating dish and evaporate
almost- to dryness on a low heat. A ribbed watch glass shguid‘
be placed over the evaporating dish to exclude dust during
evaporétion.

5. Transfer thé dish to an oven set at 110°¢ * 5°C and
continue‘évaporation until dryness. Dry for two additional
hours. Cool in desiccator, |

6,.ADetermine weight of dish plus residue to the neareSt‘d.lo mg
on the analytical balande. | |

CALCULATIONS. .

NOTE: Handle dish only with tongs to avoid grease from hands,

Total solids (ppm) = 1000 (W, - Wi)

v
where: . .
| Wi = initial Weighﬁhof‘dish in milligrams
w27=~finalvweight'of dish in milligrams
vV o= volume of samples in.millitersl
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TOTAL SOLIDS DETERMINATION

Method No..WC-7

SUMMARY OF METHOD

The total soiids are determined by evaporation of. a known volume

of sample in a tared evaporating dish.
APPARATUS

1. Normal laboratory glassware is required for this work.

2, Evaporating,Dish - 150 ml size, pyrex or equiValent glass

should be used.
Graduate Cylinder or 100 ml pipette

L4, Desiccater - The desiccator should be similar to Fisher No. 8-615.

5. Oven - Oven should be gravity convection type and be able to

pa

supply uniform heat at 110°C 0.5°C.

6. Analytibal"Balanée - It should be capable to weigh to’ the

-nearest 0.1 mg,

REAGENTS AND MATERIALS

None
PROCEDURE

1. Clean a pyrex evaporating dish by washing carefully-in cleaning
solution or a good detergent cleaning compound. Rinse
thoroughly with demineralized water,

2., Dry and place in oven at 105-110°C for several hours, Cool in
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PROCEDURE (Cont'd)

5.

desiccator until dish is at room temperature, Weigh éish to

nearest O;lO mg on the analytical balance.

NOTE: Handle dish only with tongs to avoid grease from hands.

Pipet a 100 ml samﬁle intQ the evaporating dish and evaéorate

almost ﬁo dryness on a low heat, A ribbed watch glass should.

be placed over the evaporating dish to exclude dust during

evaporation,

NOTE: To evaporate large volume samples a Evaporator Feeder
used in Method RC-14 can be used.

Transfer the diéh to én'oven set at 105—11000 and.cohtihué

evaporation until dryneés, ny for two additional hours.

Cool in desiccator.

Determine weight of dish plus residue to the nearest 0.10 mg

on the analytical balance,

E. CALCULATIONS

Total solids (ppm) = 1000 (W, - Wi)

v
1 where{
Wi = initial weight of dish in milligrams
| W2 = final weight of dish in milligrams
V = volume of sémples in milliters.
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DISSOLVED OXYGEN IN WATER

Method No.vﬁé:gﬂ'

SUMMARY OF METHQD

Dissolved oxygen reacts under alkaline conditions with

the indigo carmine solution to produce a color change

from yellow-green through red to blue and blue-green. The

result of each test can be determined by comparison of

color developed in the sample with a color comparator

‘NOTE: .This method is applicable to water containing

0-30 ppb and 0-300 ppb of dissolved oxygen, using

two separate comparators.

-APPARATUS

1. Normal laboratory glassware is required for this work.'

2. Buret - a .25 or 50 ml buret.

3. .Samplihg-Bucket‘— The sampling bucket with an ovefflow

at least .1l inch above the tép of the sampling vessel.

4, Sampling Vessels - Nessler-type tubes or 300 ml BOD

bottles have a raised lip around the neck and glass

stoppers ground -to a conical lower :tip.

5. Oxygen'Comparatér:III - The comparator conslists .of
a rotating -six color disc and support for BOD sampne bottel.

This disc has matching -caolors, for six quantities of oxygen
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‘'DISSOLVED OXYGEN IN WATER -

B. APPARATUS (Cont'd)

and will rotate to expose one color at a time. The values
are 0, 5, 10, 15,‘20 and 30 ppb as oxygen. This 1tem can
be purchased from R.L. Johnson, 2780 Brookside,Jackson,

Michigan.

6. Oxygen Comparator IV - Same as B-5 accept the values

are 10, 25, 50, 75,.150 and 300 ppb as oxygen. This item

can be purchased from the sSame éompany.

C. REAGENTS AND MATERIALS

1., Reagent gradeschemicals shall be used to prepare rea-
gents. Unless otherWiSe indicated, all reagents shall con-
form to the Specifiéations of the Committee on Analytical
Reagents of the American Chemical Society. Other reagehts
may be used, provided.they are of sufficient purity to give

the same accuracy.

.2, Purity of Water - All water used inAprepafing the rea-

gents and in diluting the samples shall be demineralized
water and conform to the specification .for Reagent Water

(ASTM Designation D 1193).

3. 12.1N Hydrochloric Acid - Concentrated hydrochloric

acid (HC1).
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DISSOLVED OXYGEN IN WATER

C.

REAGENTS AND MATERIALS (Cont.'d)

4, (1-99) Hydrochleric Acid - Mix 1 volume of concentrated

hydrochleric acid with 99 volumes of water.

5. Indigo Carmine Solution - Dissolve 0.18 gram of 100

percent in&ig@ carmine and 2.0 gram of dextrese (or glucose)
in 50 ml of water. Add 750 ml of glycerin and mix thor-
oughly.
NOTE:. - The éolubion.is usable for at léaét 30 days if stored
-7 1n-a refrigeraﬁor. ‘
CAUTION: The stock solution deteriorates rapidly'if allowed
to stand .in .a lighted room at ambient temperatufe

in .an .ordinary reagent bottle.

6. Potassium Hydroxide Solution - Dissolve 530 grams of

potassium hydroxide (KOH) in water -and dilute to l-liter
with water.

NOTE: Store'in:refrigerater.

7. .Indigo Carmine - Potassium Hydroxide Reagent - Mix four

parts by volume of C-5 solution (indiée carmine solutioﬁ)
with one part of C-6 solutien (potass;uﬁ‘hydrpxide~solu-
tion). .Mix.solutiop.for severél'minutes.

NOTE: Allow the reégent to stand undisturbed until the

"initial red coler changes to lemon yellow.
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DISSOLVED OXYGEN IN WATER

C. REAGENTS AND MATERIALS (Cont'd)

' CAUTION: Keep in .a dark cool place. Prepare a fresh so-

lution daily.
D. /PROCEDURE

1. Mount a buret directly above the B-ﬁ,sampling vessel
neck so that the buret tip dips into the overflowing

sample to a depth of about-1/2 inch.

2. .Fill the buret with indigo carmine-potassium hydroxide

reagent to about 1 ml above the zero mark.

.3. -Drain the buret to the zero mark intothe overflowing

sample, and allow the sample to flush for 1 minute longer.

4, Remove the sample tubing gently so as not to introduce
air bubbles and quickly introduce 0.8 ml of indigo carmine-
potassium hydroxide reagent from the buret into the sample
if a 60 ml Nessler-type tube: is used.

.NOTE: If a BOD bottle is used add 4 ml of the reagent.

5. Raise the buret above the sample vessel and immediately
stopper the vessel filrmly with a rinsed glass stopper,

being carefuly to exclude air bubbles.

-6_° Invert the vessel several time to mix.
NOTE: A color indicative of the dissolved'oxygen concentrd-

tion will develop.
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DISSOLVED OXYGEN IN WATER

E.

. CALCULATIONS

]

l.‘ Place the sample vessel on a white-sufface and match
its color with the oxygen comparators from step B-5 .and

B-6.

2. Equivalent dissolved oxygen can be read using the values

recorded on-each comparafor.

CAUTION: _Colors should be matched as soon as possible
after'miiiﬁgj the reagent and sémple,.since
the colors are not stable for more than 30'min-

utes and air 1eékage-may cause a change in color.
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DISSOLVED OXYGEN IN WATER

Method No, WC-8B

SUMMARY OF METHOD

The sample is collected in a BOD bottle. The free iodine

liberated in an amount equivalent to the oxygen in the sample
is titrated with thiosulfate usihg starch as an indicator.
NOTE: This method is applicable to water containing more than

0.05 ppm of dissolved oxygen.,
APPARATUS
1. Normal,laboratbry glassware 1s required for this work.

2. Sample Bottle - One 300 ml BOD bottle having a raised 1lip

around the neck and a glass stopper ground to a conical lower

NOTE: The capacity of the bottle must be measured to the
'nearest‘ml-and'the'stopper should be tied to the neck

of the bottle with a loop of cord.

3. Casserole - A 1l-liter glazed porcelain casserole, clear

white in celor.

4, Pipets - Three 2 ml transfer pipets and serological pipets
of 1.00 and 5.00 ml capacities, graduated in 0.0l and 0.10 ml

divisions, respectively.
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DISSOLVED OXYGEN IN WATER

C. REAGENTS AND MATERIALS

1.

Reagent grade chemicals shall be used to prepare reagents.
Unless otherwise indicated, all reagents shall conform to
the specifications of the Committee on Analytical Réagents
of the American Chemical Society. Other reagents'may be

used, provided they are of sufficient purity to give the

Same accuracy.

Purity of Water - A1l water used in preparing the reagents

and in diluting the samples shall be demineralized water

"4and conform to the specification for Reagent Water (ASTM

Designation D 1193).

Manganous Sulfate Solution - Dissolve 364 gms of manganbus

sulfate (MnSOthgo)-in water, filter and dilute to 1l-liter

with water.

Potassium Iodide (Alkaline Solution) - Dissolve 700 gms

of potaSSium hydroxide (KOH) in sufficient water to make
approximétely 700 ml of solution in a 1l-liter volumetric

flask (cool to roem temperature). Dissolve 150 gms of

iodate-free potassium iodide (KI), in 200 ml of water and

‘mix with the KOH solution in the volumetric flask. Dilute

to 1l-liter with water and shake for 1 or 2 minutes,

CAUTION: Store solution in a dark, rubber-stoppered bottle.
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DISSOLVED OXYGEN IN WATER

C. REAGENTS AND MATERIALS (Cont'd)

2

(0.1N) Sodium Thiosulfate Standard Solution - This.can be

purchased frem Fisher as a certified standard - Cat. So-S-368,
It is standardized against National Bureau of Standards

Potassium Dichromate.

(3-1) Sulfuric Acid - Pour carefully 750 ml of concentrated

sulfuric acid (HoSOy) into 250 ml of water in a beaker which
is placed in a sink. Cool to room temperature transfer to a

l1-1liter volumetri¢ flask and dilute to 1l-liter with water,

Starch Indicator - This indicator is available from Fisher -

Cat. No, SO-S-408.

D, PROCEDURE

1o

Fill a 2 ml transfer pipet with alkaline potassium iodide
501ution and with the pipet filled to the tip so that no
bubble:of air will be forced into the sample, easé the

bottle stopper.out of its seat and simﬁltaneously thrust

" the pipet tip past it and into the neck of the bottle.

‘Allow the contents of the pipet to drain into the bottle

band stbpper bdttle after the pipet is drained.

Fill another 2 ml pipet with manganous sulfate solution
and add to the sample in the same way as described in
steps D—l‘and D-2.
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q DISSOLVED OXYGEN IN WATER
D, PROCEDURE (Cont'd)

L, Stopper tightly and shake the bottle to mix the contents

thoroughly.

5. Allow the bottle to stand and when the precipitateuhas
settled below the shoulder of the bottle, add 2 ml of (3-1)

sulfuric acid'in the same way described in~step Dfl and D-2,

6. ‘Stopper and shake until all precipitate is dissolved.
CAUTION: Steps D-1 thfough D-6 should be completed within

15 minutes after sampling.

7. Drain the sample, which shall be at a temperature not
above TOPF, into a clean casserole and add 10 dfops of

starch indicator selutioﬁ.

8. Titrate}with‘O;lN Na28203 to the disappearance of the blue,
starch iodine color, rinsing the tip of the buret in the
sampile after'each addition as the .end point approa@hes.
CAUTION: Titration shpuld be completed within 30 minutes

,after sampling.

E. CALCULATIONS .

Calculate the dissolved oxygen content of the sample, in parts
per million, as follews:

‘Dissolved oxygen, ppm = 8000 NS
‘ v
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DISSOLVED OXYGEN IN WATER

E. CALCULATIONS

Where:
N = normality of the Na28203 solution
S = ml of Na28203 solution required for'titration
VvV =

ml of sample used.
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-OFF-GAS DETERMINATION

Method No. WC-9

4. SUMMARY OF METHOD

In the analysisdof‘a.gaseous mixture by. absorption .and oxi-
dation methods, the compbnents of the mixture are determined

by a systematic measurement -of changes 1n gas volume using

-the Burrell equipment. TheSe volume changes are affected by

the successive removal of certain-componenté from the mix-
ture by tfeatmént~with,absOrbing;reagents and by subjecting
the combustible components to oxidation. Carbon dioxide is
absorbed .in Disorbent (Potassium Hydroxide). Oxygen -is
absorbed in -Oxsorbent (Chromous Chlbridé). Hydrogen is’
oxidized by passing through heated copper oxide. Nifrogen :
1s determined by difference after 'all other components have

been ‘removed.

. BURRELL SETUP ‘PROCEDURE

L., Fill the burette~and‘gas reservolr with aqueous salt
,;solution. VAdd enough to the leveling bottle so that the

<bufettetmay‘be*filiedAcompletely“and st11ll have salt solution

remaining -in the leveling bottle. Add drop of phenol red

.for visual aid.

2. Fill the pipettes by opening the pipette to the atmos-
phere through . the manifold. Remove the rubber ‘stopper -and

gas bags, then pour‘the solution into the rear compartmenﬁi
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OFF-GAS DETERMINATION

B.

BURRELL SETUP 'PROCEDURE .(Cont'd)

Close the manifold stopcock, inflate the bag a little ‘and
replace the stopper. The first pipette .is for the deter-
mination of carbon dioxide and .is filled with Di-sorbent
solution. The 'second pipette 1s for illuminants and .is

filled with Lusorbent. The third pipette is for oxygen

.and is filled with Oxsorbent.

NOTE: ‘storbent takes up oxygen very rapidly. It is
necessary to first fill the pipette and partially
i1l the expansion bag with an oxygen-free gas.
Direct a sbtream of the gas upon the Oxsorbent as
it is being poured into the pipette and immediately

replace the stopper and expansion bag.

3. Next bring the liquild in .each pipette up to within 1/8

inch below the stopcock by opening each pipette in turn

%o the burette and éarefuily‘10wering the leveling bettle.

4. To test the appératus for leaks lower the burette

leveling bottle and draw .in .about 100 ml of air -and open
the burette to the manifold. Turn the end stopcock on the
manifold to seal and raise the leveling bulb to the top

of ‘the suppert rod. A leak ‘in any stopcock or rubber :

connection 1s indicated by the liquid rising 'in the burette.

Drop the gas reservoirs and note whether upon standing .
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-OFF~-GAS DETERMINATION

B.

BURRELL SETUP PROCEDURE :{Cont'd)

the liquid drops 1n .any of the pipettes,.indicating.a leak

-in .the rubber -connections.

5. “Electric Heaters

The first oberation‘is to stabilize the copper oxide and
catalyst heaters at the proper ‘temperature. Plug  in the

Perma-Therm heaters,and.in=lo-2o minutes they will be ready.

6. Filling CGapillaries with Nitrogen

a. The manifold, copper oxide, and catalyst tubes
should be filled with nitrogen before the analysis is

started.

b. To prepare  the ﬁitrogen, draw about 30 ml of pure
.alr into the bﬁrette and remove the oxygen by passing
‘the air into the oxorbent until no further'abso}ptioh‘

takes place.

c. After sweeping the manifold .and tubes with nitrogen;

~ open the oxldation tubes to the manifold.

d. Establish the. nitregen therein‘ét~atm®spheric
presSureEby"léveling the confining liquid .in the level-

ing bottle and burette.

'e. When'level, close the oxidation tubes and manifeld

and discharge the nitrogen .from the burette.
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-OFF-GAS DETERMINATION

B. BURRELL SETUP PROCEDURE :{Cont'd)

the liquid drops in .any of the pipettes,. indicating a leak

~in .the rubber connections.

5. 4Electrideeaters

The first operation -is to stabilize the copper oxide ‘and
catalyst heaters at the proper temperature. .Plug-in the

Perma~Therm heaters and .in :'10-20 minutes they will be ready.

6. Filling CGapilllaries with Nitrogen

a. The manifold, copper oxide, and catalyst tubes
should be filled with nitrogen before the analysis is

started.

b. To prepare'ﬁhe nitrogen, draw about 30 ml of pure
alr. into the bﬁrette~and remove the oxygen by passing
the air into fthe oxorbent until no further'absd}ption

‘takes place.

c. ~After sweeping the manifold and tubes with nitregen,

open the oxidation tubes to the manifold.

.d. Establish. the. nitrogen thereinxét-atmospheric .
pressure?by"leVeling the confining liquid .in the level-

ing bottle.aﬁd burette.

e. When level, plbse the oxidatlon tubes and manifeld -
and discharge'the nitrogen .from the burette.
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OFF-GAS DETERMINATION

B.

BURRELL SETUP PROCEDURE (Cont'd)

Volume of Sample

a. In general, the best proceduré is to take as large
a .sample as may be conveniently handled throughout the
various stages of the analysis. Errors will be of ‘less
mdgnitude than if a small sample is used. With.a 100 ml
sample, the volume of each component determined is equal

to the percentage of that compenent.

b. When aqueous salt solution is used as the confining

liquid, a little more than 100 ml of the sample is drawn

into the burette. .The burette stopcock 1s closed and

the sample is allowed to stand for one minute to permit
the confining liquid to drain down the sides of the
burette. The leveling bottle is elevated above the con-
finingjliquidnin the burette until the liquid level .in

the burette .is exactly 100, thus placing the gas under

‘a slight positive pressure. The connecting tubing is

then pinched securely between the thumb .and forefinger

-and the burette stopcock opening to the atmosphere

momentarily, fThus bringing the 100 ml of gas inztheA
burette to atmospheric pressure. When .agqueous s8alt so-

lution :is used as the confining liquid, the sémple

.should be allowed to stand .in -the burette for one min-

ute prior to each reading. This insures 'a uniform

time for drainage down the -side of the burette.
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OFF-GAS DETERMINATION

4C°

.PROCEDURE

Carbon Dioxide by Absorption

1. Raise the burette -leveling bottle slightly, thus putting
the gas in the burette under slight pressure. Thils prevents

any'liquid.from,the'pipette being~pulled into the manifold.

2. .Then turn the manifold stopcock to connect to the pi-
pette .and continué réisingAthe burette levelihg bottle until
the confining fluid reaches the top of the burette and all

the gas has been passed.intolthe pipette.

3. Lower the burette leveling bottle bringing the gas back

4into the burette.

4, .Repeat Steps C-2 and C-3.

5. The last time the gas is returned to the burette, bring

the level of the potassium hydroxide solution to the re-

.ference point on the capillary stem of the pilpette.

6.  Close the pipette stopcock ‘and read the burette.

7. The gas should be passed twice,more-into the potassium

‘hydroxide pipette as a check. If the reading 1s the same

as before, all of the carbon dioxide has been .removed and

the operator may proceed with the -analysis. If mere than

- 8ix passes are required to get complete absorption, the

solution .should be changed.
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GAS DETERMINATION

k OFF -

C.

PROCEDURE (Cont.'d)

8. The volume after absorption of carbon dioxide subtract’ .
from the~initiél volume . of sample equals the volume of car-

bon dioxide.

Oxygen by Absorption

9. .Next pass the gas twice into the pipette,containing~chro-

mous chlofidevand read the burette.

10. Pass the gas once more to make sure that allAthe.oxygen

has been removed and read the burette.:

11. The volume after absorption of oxygen subtracted from

the volume after absorption of carbon dioxide is equal to the

_Volume of Qxygén in:theAsample.

HYdrogen by Oxidation~with Copper Oxide

~12. Place the leveling bottle on the top of the platform

and regulate the flow of gas by means of the burette stop-

cock.

13. Permit the gas to flow through the copper’oxidé tube

at about 10 ml per minute.

14. When .all the gas has passed through the copper oxide

tube, draw the gas back into the burette by way of the

4coppef oxide tube at the same flow rate.
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OFF~-GAS DETERMINATION

C.

PROCEDURE (Cont'd)

—
7

15. Four such double passés through the c¢opper oxlide tube

generally suffice to completely'oxidize the hydrogen.

16. If a high concentration of hydrogen exists additional

passes may be necessary.

17. Continue passes until two 1ldentical readings are ob-

tained.

18. .Draw the sample back ‘into the burette thrbugh the copper

oxlde tube and réad the burette.

.19. Any cbntraction-in-volume.is due to the oxidation of

hydrogen and .is equal to the volume of hydrogen -1n the'sample.

Nitrogen

1. Any gas remainiﬁg in the burette at this stage is due to

the niﬁrogen-in the sample. '

NOTE: At the completion of the analysis, before permitting.

the heéter'ﬁo-cool, open the copper oxlde tubé'to.the atmos;

~phere through tﬁe.manifoldAand also cldse the reservoir stop-

W

cock.

CAUTION:

1, Errors may be introduced by the reagents becoming -exhausted.
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% OFF-GAS DETERMINATION

C.

PROCEDURE (Cont'd)

The operator, by check analysis and by keeping -a record of
the amount of gas a reagent has absorbed, may avoid this

possibility.

2., Incomplete absorption caused by.insufficient contact with
the reagent may be eliminated by-fepeating passes until con-

stant readings are obtained,

3. The solutions must not be allowed to pass into the main
manifold header. Wash.out the header periodically with
acidulated water even though it has not been apparent that

any solution has entered.

4, Keep stopcocks (Silicon type) greased to avoid leaks and

~ be sure phét all rubber connections are sound.

5. Before making a final analysis of a gas that differs
appreciably in composition from the gas previously analyzed,
pass a .sample througﬁ the solution in the regular manner in
order to brihg the solutions into equilibrium with the new

sample°

6. Radioactive gases should be vented to exhaust -and analyze

under a .fume hood or equivalent.
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B,

CHROMATE DETERMINATION

Method No. WC-10

SUMMARY OF METHOD

When potassium lodide solution is added to an acldified water
sample contalning hexavalent chromium (chromates), free

iodine is released in proportion to the chromate originally
present. The amount of ilodine is detérmined by tiltration with
standard sodium thiosulfate. Starch solution 1s used as ﬁhe
indicator since it produces a blue starch iodine complex in the

presence of free iodine. The end point of the titration 1s

“marked by the disappearance of this blue color which is'an

indication that all the free lodine has been consumed. Sodium
acetate and EDTA are added before the titration to complex

interferences and preventithem from reacting.
APPARATUS

1. Burette - 10 ml size (Presto-Fil Burette Assembly could be

used,) -

2. Porcelain Casserole - 140 ml capacity.

3. Graduatéd Cylinder - 50 ml.

4., Dropping bqtples‘- two 2-ounce size.

P e rer e e e e e e - ="

5?':Norma1 laboratory gigssware ¥s required for this

work.,
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k CHROMATE DETERMINATION

C.

(ASTM Designation D1193).

REAGENTS AND MATERIALS

1. Purity of Reagents - Reagent grade chemicals shall be used

to prepare reagents. Unless otherwise 1indicated, all reagents
shall conform to the specifications of the Committee on
Analytical Reagents of the American Chemical Soclety. Other
reagents may be used, provided they are of sufficlent purity

pu—s

to give the same accuracy. .~

2. Purity of Water - All water used in preparing the reagents
and in standardization of these reagents,shall‘be demineralized

water and conform to the Specification for Reagent Water

3. 0,01N Sodium Thiosulfate Solution - This standard solution

can be purchased from Fisher Scientific Company.

4, gydrochloric Acid Solution - Measure 100 ml of concentra-
ted (12.1N) hydrochloric acid and add 100 ml of water. '

5. Sodium Acetate Powder - Fisher Chemical Cat. #S-209.

6, Etgylenediamine Tetroacefic Acid - Fisher Chemlcal
Cat. #E-4T8. o .

7o Concentrated Potassium Iodide - This 'solution can be pur-
chased from Fisher»Scientific Company. Excess solid should

be present.
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CHROMATE DETERMINATION

C. REAGENTS AND MATERIALS (Cont'd)

‘8. Starch Indicator Solution - Fisher Chemical Cat.

#S0-8-408,

PROCEDURE

1. Measure 50 ml of filtered sample in a graduate and pour

into casserole.

é, Stir while adding 5 ml of 1:1 hydrochloric acid and 10
drops of concentrated potassium 1odide solution,
NOTE: Allow the solution to set for 2 minutes. The solution
will turn to a color which may vary from amber to rust
. fed, depending upon the chromate concentration present

in the sample.

3. Add approximately 5 gms of sodium acetate powdered and

approximately 0.2 gm EDTA (see step C-6).

4, Stir for one or two minutes. Allow the solution to sét

for 5 minutes.

5 Staft titrating solution .in casserole with 0.01N sodium

thiosulfate until the color weakens to a straw yellow color.

6. Stop‘titrating at this pbint and add 10 drops of starcéh

indicator, The solution will then turn a deep blue or blue-

black,
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CHROMATE DETERMINATION

D. FPROCEDURE (Cont'd)

7. Resume the titration, adding 0.0lN sodium thiosulfate

dropwise until the absence of the starch-iodine blue color,

NOTE: The specific color of the endpoint may vary depend-
ing upon what other substances are present in the
sample° Hence, the solution should be titrated to
the absence of the starch-iodine blue color and not

to a colorless endpoint.

8. To check the endpoint, add another 5 drops each 1:1
hydrochlbric acid and potassium ioaide solution. If no blue
éolornreappears, the burette reading is used in the calcula-
tion., However, ian color change does occur, continue

titrating as in step D-6.

CALCULATIONS

Burette reading in (ml) per 50 ml sample X 7.7 = ppm of
chromate as chr_omate_,(Crou)°

NOTE: The burette reading in ml, per 50 ml sample:

a.) X 10.8 = ppm chromate as sodium chromate
| . (Naglroy).
‘b,) X 0.63 ; gfaips per gallon~pf chromate as
“b | sodium chromate (NaECrou).
¢c.) X 7.7 = ppm of chromate as chromate (Croy).
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BORON DETERMINATION
Method No. WC-11A

SUMMARY OF METHOD

In the presence of boron, a solution of carmine or carminic
acid 1ﬁ concentrated sulfuric acid changes from bright red
to a bluish red or blue,.dependinngn the concentration of
Boron p_resent‘° The ions comﬁonly found in ﬁater do not
interfere with this method. Samples should be stored in

polyethjlene bottles or in boron-free glassware., The trans-

~mittance of the colored solution is measured with the DU

Spectrophotometer using a 1 cm cell at a wavelength of 585=mﬁa

APPARATUS
1, Normal laboratdry glassware 1s required for thisiwork;

2. Spectrophotometer - Beckman DU Spectrophotometer 1s

preferred,
3. Pipetts - 1, 2, 5 and 10 ml capacity is needed.

4, . Flask - six each 100 ml and 50.ml volumetric flasks.

REAGENTS AND MATERIALS

1. Purity of Reagents - Reagent grade chemicals shall be

used'to prepare reagents. Unless otherwlse indicated, all

réagents'shall conform to the specifications of the Committee
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BORON DETERMINATION

C. REAGENTS AND MATERIALS (Cont'd)

on Analytical Reagents of the American Chemical Soclety. Other
reagents may be used, provided. they are of sufficient purity

! to give the same accuracy.

2. Purlty of Water - All water used preparing the reagents

-, and in standardigatidn of these reagents shall be demineralized
water and conform to the Specification for Reagent Water

(ASTM Designation D1193).

3. EStahdard Boric Acid Solutiqnv- Dissolve 0.5717 grams of

- ‘boric-acid crystals 1n water and dilute to 1000 ml. (ilOO ml
A equalsiogloo mg Boron). | ‘ B
‘.GAUTION: . Since boric acid‘cryétals lose weight on drying
; at'105° C, a réagént meeting step C-1 specifica-
tions should be psed~and:kept tighfly stopperéd

‘to prevent absorption of air moisture,

4, 12,1N Hydrochloric Acid - Concentrated Rydrochloriec acid
K (HC1).

5, . 36,0 N Sulfuric Acid - Concentrated sSulfuric acid (stoq);

~ 6. Carmine Solution - Dissolve 0.92 grams of carmine N.F. 40,

or carminic acid in 1 liter of Heéouo
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q ) BORON DETERMINATION

D.

PROCEDURE

1. Pipet 1.0, 2.0, 5.0 and 10.0 ml of the standard boric
acid solﬁticn into separate 100 ml volumetric flasks. Also
prepare a blank with no boric acid standard added.

NOTE: The boric acid'solution aliquots rebresents boron

concentrations of 1, 2, 5 and 10 ppm respectively.
2, Dilute to 100 ml with water,

3. Measure 2 ml of each solution and transfer each inteo clean

dry 50 ml volumetric flasks.
4, Add two drops of concentnaéed hydrochloric acid (HCl).

5. Pipet 10 ml of concentraﬁéd sulfuric acid (HESOM) into
each flask, . |
NOTE: Allow sufficient time :for dfainage of suylfuric acild

(H,80,) from the side walls of the flasks.,

6. Swirl the solution with caution and allow solutions to

cool. to room temperature,

7o Pipet-lo ml of carminic aéid solution into each flask,
Stépper énd shéke for 1 or 2 minutesol N
GAﬁTiON: Incomplete mixing in this step can cause bubbles
to be present when transferred to the DJ-Cells,

(This can be a serious source of error, )
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BORON DETERMINATION

D,

PROCEDURE (Cont'd)

8. " Allow the solutions to stand for 1 hour and read the

transmittance on the DU-Spectrophotometer,

9. Secure a fresh sample (needed to be analyzed for boron
cohtent)hand pipet 2 ml of ﬁhe.lOO ml sample into a clean dry

50 - ml.. volumetric flask.

10, Repeat steps D-4, D-5, D-6, D-7 and D-8.

NOTE: Carry a reagent blank-throughouf the entire procedure,

11. Read' boron concentration ‘in ppm from the standard curve

mentioned in step E-1.

CALCULATIONS

1. Plot transmittance. versus ppm on,semi-log‘paperifrom read-
ings obtained from steps D-8, .
CAUTION: Since the carmine reagent deteriorates the

standard curve should be checked daily.

-120-



-BORON DETERMINATION

Method No. ‘WC=11B

-SUMMARY OF METHOD

The concentration .ef Boron .-in Sedium Pentaborate Decahydrate
can be determined by using a hydrometer to measure the speci-
fic gravity.

- APPARATUS
1. Normal laborateory glassware is required for this method.
2. -Hydrometer - To be able to read between 1.000 thru .1.100
.specific gravity range.

3. Thermometer - To be able to read temperature between O-
212°F,

4, Graduated Cylinder - 1000 ml

5. .Hot plate or water bath.

.REAGENTS AND “MATERIALS

None

PROCEDURE

1. Collect a sample of the Sodium Pentaborate Decahydrate

selution .in the 1000 ml graduated cylinder.

2. Maintain - -the temperature of the sampie at 80 F by means

of a hot plate or water bath.
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BORON DETERMINATION

D. .PROCEDURE (Cont'd)

3. .Place the hydrometer -in the sample and record the

specific gravity.

4, Determine the goncentfation (w/0) of Sodium Pentaborate
‘Decahydrate from WC-11-1, which plots the relationship of
concentration versus ‘specific gravity of Sodium. Pentaborate

‘Decahydrate at 80 F.

.E. - CALCULATIONS

Convert the concentration (w/o) determined in step D-4 as

follows:

hnatural
n

(ppm) = (V/0)(10%) (0.183)

Boro

10 natural ‘
Boron (ppm) = ppm Boron -x (0.1960)
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A,

B.

takes plaée ovef the p

COPPER DETERMINATION

Method»No° WC-12

SUMMARY OF METHOD

This method is based on the measurement of the intensity of the
yellow color of the cuprous complex of 2-9 dimethyl —‘1 10 -
phenanthroline (neo-cuproine). Full development of the color
H range from 2,3 to 9.0, However a buffer.
phase is used to produce an aqueous phase with a pH of 4.0 to
606, The copper is reduced with hydroxylamine hydrochloride

and the p-H

of the solution is adjusted with a sodlum citrate

solution., The cuprous ion is then reacted with neo- cuproine
and the yellow complex extracted with chloroform. The method
follows Beer's Law up to a concentration of 5 ppm Cu. The

transmittance is measured at 437 my on the DU spectrophotometer

using a 10 cm cell,
APPARATUS

1. Spectrophotometer -.Beckman DU Spectrophotometer is

preferred.,
2, :Normal laboratory glassware is required for this work,
3., 2 each - 10 cm cell,

4, 12 each - 125 ml Squibb separatory funnels.
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COPPER DETERMINATION

B, APPARATUS (Cont'd)

5. 12 each -~ 100 ml volumetric flasks
6. 12 each ~ 250 ml beakers

REAGENTS AND MATERIALS

1. Purity of Reagents - Reagent grade chemicals shall be used

to prepére reagents, Unlessibtherwise indlcated, all reagents
shall conform to.the specifibation; of the Committee on
Analytical Reagents of the Americaﬁ Chemical Socilety. Other
reagents may be used, providéd they are of sufficlient purlty

to give the same accuracy.

2. Purity of Water - AllAwafer used in preparing the reagents

and in standardization of these reégents shall be demineralized
water and conform to the Speéificaiion for Reagent Water:

(ASTM Designation D1193).

3, - 14,8N Ammonium Hydroxide - Concentrated ammonium hydroxide

(Nquﬁ)f‘

4, Gopper, Standard Soltuion (1 ml = 0,02 mg Cu.) Weigh 0.200

gram of“électrolytic copper, Place it in a 250 ml beaker under

a hoodg add 3 ml of water and 3 ml of HNO3 and cover the beaker

with a watch glass., After the metal has completely dlssolved
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COPPER DETERMINATION

C. REAGENTS AND MATERIALS (Cont!d)

add 1 ml of H, S0, (sp.gr. 1.84) and heat on a hot platé Just
short of complete &ryness. bO NOT bake the residue. Cool
the residﬁe, wash down the sides of the beaker and the bottom
of the watch glass, and again evaporate the solution nearly
to dryness to expel the HNO30 Cool the residue, dissolve it
inawater, and dilute the solﬁfion %o 1l liter. Make the
stahdard as needed by dilutibg 100 ml of the prepared
solution to 1 liter with water. One milliliter of the ‘
standard*coﬁtains 0.02 mg Cu or when diluted to 50 ml with

water it représents a 0.4 ppm Cu solution.,

5. 12.1N.Hydrochloric Acid - Concentrated hydrochloric acid

(HG1Y..

6. Hydroxylamine Hydrochloride Solution - (200 g/1) - Dis-

solve .40 grams of hydroxyiémine hydrochloride (NH,OH HCl) in

water and. dilute to 200 mi.

7. Neocuproine Solugion (1 g/i) - Dissolve 0,1 gram of

neocuproine {2, 9 - dimethyl - 1, 10 - pheonthroline) in 50 ml
of*isopropyi‘alcohol, Dilute the solution to 100 ml with

water.

8, ' 15,7N Nitric Acid - Concentrated nitric acid (HN03)°
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COPPER DETERMINATION

C.

REAGENTS AND MATERIALS (Cont'd)

9. Sodium Citrate Solution (250 g/1) - Dissolve 250 grams
of hydrated sodium citrate (Né305H70) in water and dilute to
1 liter., Add 10 ml of NH20H0HCI solution and 10 ml of
nebcupminesolution° Extracﬁ'copper impurities in the

solution with 50 ml of CH Cl diSéarding the chloroform

33
layer. |

10. 36N Sulfuric Aéidv— Concentrated sulfuric acid (stou)

11, Isopropyl Alcohol

12. Chloroform (CHCl3)°

PROCEDURE

1, ‘Prepane a series of standard-cbpper solutions by pipetting

1, 2, 5, 10 ml aliquots into 125 ml Squibb separatory funnels.
Also prepare a blank with no copper standard added. Add O.l
ml of hydrochloric acid (HCl) and dilute to 50 ml.with water,

2. Add 5 ml of Hydroxylamine Hydrochloride NH,OH.HCl solution

and. shake for 20 seconds,

3., Add 10 ml of sodium citrate solution and shake for 30

seconds.
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COPPER DETERMINATION

D,

PROCEDURE {Cont'd)

4, Add 10 ml of neocuproine.solution and shake for 30 seconds,

5. Add 30 ml of chnloroform and shake'vigorously for 30

seconds,

6. Allow the funnel to stand 5 minutes to permit aqueous and
chlorcform layers to separate.
7. Drain the chloroform layer into a dry flask and repeat

N
N

step D-5 wifth 20 ml of chloroform.

8., Combine the ehlor foxmxextracts in a volumetric flask and

dilute to 50 ml with>isopropyl alcohol.

9. Read the per cent transmittance on the DU Spectrophoto-

meter at 437 musing 10 cm.cells,

10, Secure a fresh sample (sample needed to be analyzed for

copper rontent) and pipet a 50 ml aliquot of the acldified

sample into a 125 ml Squibb separatory funnel.
11. Repeat steps D-2, D-3, D-4, D-5, D-6, D-T and D-8.

12. Repeat step D-9 and obtain copper concentration from curve

produced on step E-1.
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k COPPER DETERMINATION

D.

PROCEDURE (Cont 'd)

CAUTION: If the water contains interfering substances such

as organic matter, sulfide, or chromium (when ratio
of Cr to Cu is 5 to 1), the following:preliminary

" sample treatment is'requiredi
13. Transfer 100 ml of the acidified sample to a 250 ml beaker.

14, Add 1 ml of Sulfurlc Acid H2804 and 5 ml of Nitric Acid

HNO3.

15. Evaporate in a fume hood to dense white sulfur trioxide

fumes carefully on a hot plate.

16. If solution remains colored repeat the treatment with an

additional 5 mi of Nitric Acid HNO3°,

17. If organic matter 1is difficult-to-destroy, repeat the

treatment with 5 ml of HNO, and 5 ml of hydrogen peroxide

3

1

(#50,)-

18, Evaporate the solution to complete dryness.

19. Rinse the sides of the beaker and watch glass with

water.

20, Evaporate to dryﬁess again and expel all Nitric Acid

HNO. .
NO3
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|‘ COPPER DETERMINATION
D. PROCEDURE (Cont'd)

21, Add .about 80 ml of water to the residue, bring to a boil,
cool, and if turbid, filter.

22,  Adjust the pf to 4 to 6 by dropwise addition of NH, OH

H

using range p~ paper.

3. Add 0,2 ml of hydrochloric acid (HCl) and dilute to 100

ml in a volumetric flask with demlneralized water.

24, Pipet a 50‘m1 aliquot 1nto a 125 ml Squibb separatory

funnel.
25. Repeat steps D-11 and D-12,

E. CALCULATIONS

1,-'P10t the reading from step D-9 versus concentration of

copper on semi-log paper.
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HARDNESS DETERMINATION

Method Ne., WC-13

~-SUMMARY OF METHOD

Hardness in water is caused principally by the -elements calcium

-and magnesium and sometimés‘by'iron and aluminum. Total hardness

4s determined by titration at pH 10.0 with.a standardizéd selu-

tien of the disedium -salt of ethylenediamine tetraacetic acid
(Versene). Eriechreme Black T :is used as the indicatoer. . Mag-
nesium .reacts with the indicator teo form a wine-red compleg.

Calcium is completely converted to a colorless complex by the

"'titratinggsolution before the magnesium is removed from :its com-

plex with the indicater. The end peint is reached when the

blue_color of the indicator 1is Visible with no trace of the

'Wine-red color of the magnésium complexXx.. Since calcium will

1

not cause a color change with the .indicater, magnesium :is
added to the titrating soelution to insure formation .of the
wine-red colQr when titrating -safiples containing calcium but
ne magnesium. The interference of coppéer and iron, up to

10 ppm :is eliminated by the addition eof sedium sulfide.

APPARATUS

1. Normal laboratery glassware is required for this work.h

.2, Microburet

3. :Desiccator - The desiccator must hold four 1 inch dia —

meter samples similar to Fisher:No,~8-6l5,
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HARDNESS DETERMINATION

B.

APPARATUS (Cont'ad)

4, ‘Oven - Oven should be grav1ty convectien type and be able
to supply uniform heat :at.110° C to a + 0.5° C. (Fisher No.

13-244-1 or equivalent).

REAGENTS AND MATERTALS

1. Reagent grade chemicals shall:be used to prepare reagents.

.Unless.otherwise.indicated, all reageﬁts shall conform to the

specifications.of the Committee.on Analytieal Reagents of the

American Chemical Society. Other reagents may be used, provided

they are of Sufficieht purity te give the same accuracy.

2. Purlty of Water - All water used in pfeparing the reagents

~and in diluting the samples shall be demineralized water and

conform to the Specification for Reagent Water (ASTM Designa-

tion D 1193).

‘3. Buffer Solution - Add 67.5 g of Ammonium Chleride (NHjC1)

in 38Q ml of water. -Add 5701milliliters of coneenfrated

Ammonium Hydroxide.

-~

4,‘ Sodium Sulfide qolufion - Dissolve 45 grams of sodium sul-

fide (NassS - 9H20) in 100 milliliters of water.

5. -Erlochrome Black T Indicator - DisSolvee0.0EB.grams-of'dye

in 50 milliliters of water. -This redgent will qot keep in-

definitely. Make fresh after two weeks.
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HARDNESS DETERMINATION

.':C °

REAGENTS AND MATERIALS - {(Cont'd)

6. Sodium Ethylenediamine Tetraacetate Solution - Dissolve

4.0 grams of disodium ethylenediamine tetraacetate dihydrate

in approximately 800 ml of water.

7. Standard Titrating Solutien - Add .1 gram.of magnesium
chloride (MgClg ¢ 6H50) to Sodium (Di) Ethylenediamine Tetraa-
cetate Solution, (1 ml=l mg Ca CO3 Standard Solutien).

CAUTION: .Store solution .1n a plastic bottle.

8. Standard Hard Water - Oven dry several grams of calcium

carbonaté’crystals (CaCO3) at 105° ¢ for several hours (over-
hight‘should be sufficient). Transfer to a desiccator and
cool for 30 minutes. ngghzl.GQ gram of dry calcium carbonate
crystals into a 500 ml erlenmeyer flask. Add (1-1) hydro-
chldric acid (HCl) until all the calcium carbenate (CaCO3)

has been diésolved. Add 200 ml of water and boil for a few

minutes to expell CO,. Ceol, add a few dropé of methyl red

indicator and adjust to the intermediate oréhge color (pHs5.3)

by addition of 3N ammonium hydroxide (NH,OH) and (1-1) hydroe-
chloric acid (HCl):as required. Transfer quantitatively to

a liter volume flask and dilute to 1-1litér with water.

NOTE: This standard contains 1.0QO.mg CaCO3 1ﬁ éach'milli-

liter which represents 1000 ppm.
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HARDNESS DETERMINATION

D. PROCEDURE

1. Measure accurately 100 ml of sample and transfer to 250 ml

erlenmeyer flask.
2. Add 1 ml of buffer solution.
3. Add 3 drops of sodium sulfide solution.

4, Add 2 drops of Eriochrome Black T Indicator and stir for

1l or 2 minutes.

5. While stirring the solution, titrate slowly (See C-7 stan-
dard solution) using a microburet.
NOTE: Titrate until the wine-red color disappears and a blue

color remains.

E. CALCULATIONS
_ Total hardhess as ppm CaCOg =

(ml titrating -solution) (1000)
(Volume of sample, ml)




PHOSPHATE DETERMINATION

Method No, WC-14

A, SUMMARY OF METHOD

Orthophosphate reacts with ammonium molybdate in an acid medium
to form a phosphomolybdate which in turn is reduced to'a
molybdenum blue COmplex with stannous chloride., This color
.intensity is proportional to the phosphate concentration of

the sample.
B. APPARATUS

1) Spectrophotometer - Beckman DU Spectrophotometer is preferred.

2) Normal labofatory glassware is required for this work,.

C. REAGENTS AND MATERIALS

1j Purity of Reagents - Reagent grade chemicals shall be used
to prepare reagents. Unless.othefwise indicated, all reagents
-éhall conférm to the specifications of the committee on
Analytical Reagents of the American Chemical Society. Other
reagents may be used, provided they are of sufficlent purity

to give the same accuracy.

no
g

Purity of Water - All water used in preparing the reagents
and in standardization-of these reagents shall be demineralized
water énd conform to the Specification for Reagent Water (ASTM

Designation D1193). -
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PHOS PHATE DETERMINATION

REAGENTS AND MATERIALS (CONT'D)

3)

Phosphate, Standard Solution (1 m1=0.1 mgP0Oy). Dissolve
0.1433 g of oven-dried potassium dihydrogen phosphate (KHQPOM)

in water and dilute to 1 liter in a volumetric. flask.

Ammonium Molybdate Selutien

Dissolve 25 gms of ammonium molybdate in about 800 ml of

water and dilute to 1l-liter with water.

Sulfuric Acid S@lutionA
Add 310 ml of concentrated sulfuric acid (HpoSOy) to about 600

ml of water., Cool and dilute to 1l-liter with water.

Stannous Chloride Solution

Dissolve 2.5 gms of stannous chloride (Sncl,-2H,0) in 10 ml
of concentrated hydrochloric acid (HC1) and dilute to 100 ml

with water,

CAUTION: Filter if turbid. Add a layer of pure mineral oil

5 mm thick over the surface of the solution to
minimize oxidation.
NOTE: The reagent can also be preserved several weeks by

'adding mossy tin and storing in a refrigerator.
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PHOSPHATE DETERMINATION

D,

1)

PROCEDURE

Prepare a series of standard phosphate solutions to cover

.the range ffom O to 25 .ppm. Prepare the standards by diluting

suitable volumes of phosphate solution (1 ml = 0.1 mg Pou)
to 50 ml with water. One milliliter of phosphate solution
(1 ml - 0,1 mg POy) diluted to 50 ml with water produces a

s%andard containing 2.0 ppm of phosphate.

Add 4 ml of sulfuric acid solution (HoSOy) to each sample

and mix.,

- Adad 4 ml of ammonium molybdate solution to each sample and

mix,

Add 10 drops of stannous chloride solution to each sample

and mix for 1 or 2 minutes.

Allow exactly 10 minutes for color development,

Measure the absorbance at 650 mﬁ(with a spectrophotometer;

using water as the reference sample. Plot the absorbance
values obtained as ordinates and the corresponding phosphate

concentrations as abscissas,

Transfer 50 ml of clear sample into an Erlenmeyer flask.

- NOTE: Filter with suction if suspendéd matter‘is'present into

an Erlenmeyer flask. If the sample contains more than

25 ppm POy, use a correspondingly smaller sample,
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PHOSPHATE DETERMINATION

D. . PROCEDURE (Cont'd)

8) Repeat steps D-2 through D-6.

E, CALCULATIONS

Calculate the concentration of phosphate, in parts per million,
as follows:

Phosphate;, ppm = C 50
.S

where:
C = parts per million phosphate ion indicated by the
calibfation curve for the determined color
absorbance; and

S = milliliters of sample,
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SULFATE DETERMINATION

Method No. WC-15

SUMMARY OF METHOD

Sulfate ion is precipitated and weighed as barium sulfate
after removal of silica and other insoluble matter. This
méthod‘is applicable to samples containing‘approximately 20
to 100 ppm of sulfate ion (804")° It can be extended to

higher or lower rangés by édjusting-the sample size,

APPARATUS

1. Normal laboratory glassware is required for this work.

2, Desiccator - The desiccator must hold four porcelain

crucibles similar to Fisher No. 8-615,

3. Analytical Balance - It .should be capable to weigh to the

nearest 0,1 mg.

I, Muffle Furnace - To be able to hold four crucibles and

also.designed for continuous operation at temperatures up to

900°C (165693),

5. The‘following laboratory suﬁplies are needed: .
a. Porcelain crucible
b. Hot plate
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SULFATE DETERMINATION

C.

REAGENTS AND MATERIALS

i: Reagent grade chemicals shall be used to prepare reagents,
Unless otherwise indicated, all reagents shall conform to the
specifications of the Committee on Analytical Reagents of the
American Chemical Society. Other reagents may be used, pro-

vided they are of sufficient purity to give the same accuracy.

2. Purity of Water - All water used 1n preparing the reagents

and in diluting the samples shall be demineralized water and
conform to the specification for Reagent Water (ASTM Designa-
tion D 1193). | |

3. 14,.8N Ammonium Hydroxide - Concentrated ammonium hydroxide

(NH40H)0.

4, Barium Chloride Solution - Dissolve 118 g of barium

chloride (Ba Cl, . 2H20) in water and dilute to 1 liter.

5o (1-9) Hydrochloric Acid - Mix 1 volume of concentrated

hydrochloric acid (HC1l) with 9 volumes of water.

6. - (48%) Hydrofluoric Acid - Concentrated hydrofluoric acid

(HF) .

To Méthyl-Orange Indicator - Dissolve 0.05 gm of methyl

orange in 100 ml of water.

8., 15.7N Nitric Acid - Concentrated nitric acid (HNO3).
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k SULFATE DETERMINATION.

C. REAGENTS AND MATERIALS (Cont'd)

9. Picric Acid - Saturated aqueous .solution.

10. Silﬁer Nitrate Solution,-‘Disso;ve 10 gm of silver

nitraté”(AgN03) in water and dilute to 100 ml.

11. 36N Sulfuric Acid - Concentrated sulfuric acid (H,SOy).
PROCEDURE
1. Filter the sample using a fine filter paper.

2. Measure into a clean beaker a quantity of the clear filter
sample contalning sulfate ion equivalent to 10 to 50 mg of

barium sulfate (BaSoy).

NOTE: . Adjust the volume by evaporation or dilution with

water §o approximately 200 ml.

3. Add a few drops of methyl orange and adjust the acidity of
the sample by adding (1-9) hydrochloric acid (HC1l) until the

red eﬁd-point is reached.
4. Add 10.ml of (1-9) hydrochloric acid HCl in excess.

5, Add 10 ml of saturated picfic acid solution and boll the
sample fdr 5 minutes. '
NOTE:: Faster precipitation and a coarse precipitate is

obtained when using saturated picric.acid,
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SULFATE DETERMINATION

D. PROCEDURE (Cont'd)

6. After boiling the sample fdr 6 minutes slowly add 5 ml of
hot barium chloride (BaCl,) solution.
NOTE: Stir the sampie vigorously whiie adding the (BaCl,)
- solution. |
CAUTION: Keep the temperature Jjust below boiling until
the liqﬁid has become clear and the precipitate has
-settled out completely.

7. Filter the suspension of barium sulfate (BaSOu) on a fine,
ashless fiiter paper, and wash the precipitate with hot water
until the washings are substantially free of chlorides, as
indicated by testing the last ﬁortioﬁ.of the washings with
AgNOB solution, T |

NbTE; Digcontinue washing,wheﬁ no more than a faint

opalescence is produced: in the test,

8. 'Elécélthe'filter paper and contents in a tared porcelain
crucible.
9. Place:the crucible on the door of the muffle furnace, '

char and consume the paper slowly without flaming.

1

10. Ignite the residue at 800°C for 1 hour, or until it is

apparent that all carbon has been consumed.
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SULFATE DETERMINATION

D,

w

PROCEDURE (Cont‘'d)

- 11, -Cool and add a drop of concentrated sulfuric acid (HQSOA)

and a few drops of hydrofluoric acid (HF).

12. Place on a hot plate and evaporate under a hood to expel

silica as silicon tetrafluoride,(SiFu),
13. .Reignite at 800°c,

14, Cool in a desiccator and weigh the crucible and precipltate

(BasSO, ) on an analytical balance to the nearest 0.1 mg.
u’ } ‘ .

CAtQULATIONS

1, Calculate the concentration of sulfate ion (SOM") in

parts per miliion, as follows:

‘sﬁlfaéé’(sou--) ppm = (W) (411,500)
S A 3. T

- Whereé: -

;gramszfHBaSOu

S.T%hillilipéré of sample
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.811.ItA DETERMINATION

Method No. WC-16

SUMMARY OF METHOD

This methed cevers the determination of soluble silica in the
rangé from 50 to 1000 ppb. This method is based on the reac-
tion .of soluble silica with molybdate ion to form a'greenish-
ye}low complex which in turn 1is converted to a blue complex
by reduction with .l-amino-2-napthol-4-sulfonic acid. Phos-
phate interference 1s eliminated by the use of oxalic acid.
Iron, if present in large amounts, also interferes. The con-
centration of silica is determined by measuring the trans-
mittance on the DU Spectrophotometer at a wavelength of

815 mu using -1 cm cells.

-APPARATUS
.1, Normal laboratory glassware is required for this work.

2. ‘Spectrophotometer-Beckman DU Spectrophotemeter is pre-

ferred.

'REAGENTS AND MATERTIALS

1. Purity of Reagents - Reagent grade chemicals shall be
used to prepared reagents. Unless otherwise indicated, all

reagents shall conform to the specifications of the Committee

.on Analytical Reagents of the American Chemical Society.

Other reagents may be used, provided they are of sufficient

purity to give the same accuracy.
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SILICA DETERMINATION

CO

REAGENTS AND MATERTALS

CAUTION: All reagents Shodld be ‘stored .in .polyethylene bottles.

A/

2. Purity of Water - All water used.in preparing -the reagents

and in diluting the -samples shall be demineralized water and
conform to the Specification for Reagent Water (ASTM Designa-

tion D 1193).

3. Amino-Napfhol-Sulfonic Acid - Dissolve 0.5 grams of '1-

amino-2-Napthol-4-sulfoniec acid .in 50 ml. of a solﬁtion con-

taining 1 gram. of sodium sulfite (Na2503). After dissolving,
add the solution to 100 ml of a solution containing ‘30 grams
of sodium hydrogen sulfitg’(NaHSO3). Make up to 200 ml with
demineralized water and store in a dark, .plastic bottle.

CAUTION: Pfepare a fresh solution every two weeks.

4, Ammonium Molybdate Solution (100 g/1.) - Dissolve 10 grams

of ammonium paramolybdate (NH4)6' Mo7024 - 4H50  in 100 ml

of water.

. 5, Hydrochloric Acid (1:1) - Mix.1 velume of concentrated

HC1l with 1 volume of demineralized water.

i

6. Oxalic Acid Solutien (100 g/1) - Dissolve 10 grams of oxa-

lic acid (HoC,0y ° .2Hp0) in-100 ml of water.

7. Silica Standard Solution (1 ml = 1 mg 3:0,) - Dissolve

4.732 grams. of sodium metasilicate (NapSi O3 * . 9Hp0) 1n water
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SILICA DETERMINATION

C.

REAGENTS AND MATERIALS (Cont'd)

and'dilute to l-1itér with demineralized watef. Check the
concentration of this Solution'graviﬁetrically. v(See appendix
C) Pipette 5 ml of standard silica solutien -inte a 1000 ml
volumetric flask and dilute to mark with demineralized water.

This solutien contains 5 ppm Sin'andAis tsed as a working

‘8olution.

-PROCEDURE

1. From the 5 ppm working solution prepare a series of

standards by pipetting-aliquots of 1.0, 5.0, 10.0, and 20.0

ml into polyethylene graduated mixing cylinders. ~Also pre-

pare a blank with no silica standard added.

NOTE: The silica working solution .aliquots represents si-
‘lica concentration of 0.05, 0.25; O.5_and.1.0 ppm

‘respectively.
2. Dilute -each -sample to the 50'm1 mark.

3. Add 1 ml of (i-1) hydrochloric acid solution and 2 ml
of ammonium molybdate solution, mix, allow to stand‘exactly

5 minutes.

4, Add 1.5 ml of oxalix acid reagent, miX'well,zallow to

stand exactly 1 minute.
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- SILICA DETERMINATION

DO

PROCEDURE (Cont 'd)

5. ~Add 2 ml of amine-napthol-sulfoenic -acid. Mix ‘well and

allow toe stand for 10 minutes for full coler development.

6. Read the transmittance on the DUvSpectrophotomeﬁer*ét

815 myusing 1 cm cells.

7. Secure a fresh .sample (sample needed to be énaIysed for

‘8ilica conbent) and transfer a 50 ml sample to:a.polyethy-

lene graduated cylinder.

8. Repeat steps D-3, D-4 and D-5.

9. Prepare a blank by using 50 ml of demineralized water

and repeat step D-8.

10. Repeat step D-6 and obtain concentration of silica as

S104 directly from curve produced on step E-1.

-CALCULATION .

1. Plot percent transmittance versus ppb on semi-log. paper.

NOTE: This plot should be a straight line.
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CHROMIUM DETERMINATION
~ Method No..WC-17

SUMMARY OF METHOD

The sample is oxidized by acid treatmenf,‘followed‘by

potassium permanganate treatment, A color is developed

in acid solutioen with 1,5 diphenylcarbazide. This color
(reddish—purple complex) is measured by means of a DU~

spectrophotometer -at 540 my using ‘1 cm cells.

- APPARATUS

1. .Normal laboratory glassware .is required for this work.

2. .Spectrophotometer - Beckman DU-Spectrophotometer is

preferred.

REAGENTS -AND MATERTALS

1. . Reagent grade chemicals shall be used td prepare rea-

gehts; .Unless otherwise indicated, all reagents shall

'éonform;to the specifications of the Committee of Ana-

lytical’Reagents of the Amercian Chemical Socilety. Other
reagents may be used, provided they are .of sufficient

purity to give the same accuracy.

2. Purity of Water - All water used . in preparing the rea-

gents and .in diluting the samples shall be demineralized
water and conform to the specification for Reagent Water

(ASTM Designation D 1193)..
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CHROMIUM DETERMINATION

C.

REAGENTS AND MATERIALS (Cont'd)

3.- (1-1) Ammonium Hydroxide - Mix 1 volume of concentrated

ammonium hydroxide (NH4OH) with 1 volume of water.

4, 15.7N Nitric Acid - Concentrated (low chromium content)

Nitric acid.
NOTE: Reagent grade nitric acid frequently may contain

sufficient chromium to interfere in this methed. It may

be purified by distillation in all-glass equipment.

CAUTION: Such a distillation often may need to be repeated.

5. Potassium Dichromate Standapd Sblutdon (1 ml - .0.5 ppm)
Dissolve 1.41 grams of potassium dischromatev(KQCr207) in
watér and dilute to l1l-liter with water. Pipet 10 ml .of
thisiéolﬁtioh into a 1l-liter volumetric flask and dilute
tdpthe iiter'mark° One milliliter of this finally-diluted

solution corresponds to 0.5 ppm chromium in a 10 ml sample. .

6. Potassium Permanganate Solution - Dissolve 3.16 grams

of potassium permanganate (KMnOy) in water and dilute to

l-1liter with water.

7. Diphenylcarbazide Solution - Add 4.0 grams of phthalic

anhydride to 80 ml of ethanol (95 percent) and shake for
1 or 2 minutes. Add 0.5 grams of 1,5-diphenylcarbazide
and dilute to 100 ml with ethanol (95 percent). Shake

occasilonally to dissolve the phthalic anhydride.
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% -.CHROMIUM :DETERMINATION

C. .REAGENTS AND MATERIALS (Cont'd)

CAUTION: This solution is stable fer about six monphs

. if stored in a ceol, dark place.

.NOTE: New calibration curves should be -prepared at

least monthly.

8. .12.1N Hydrochloric Acid - Concentrated hydrochloric

acid (HC1).

.9. .Sodium Dihydrogen Phosphate Solution - Dissolve 138

grams of sodium dihydrogen phoSphate (NaHgPOA) in water

and dilute to 1l-liter with water.

10. 36N Sulfuric Acid - Concentrated sulfuric acid (HpSOy).

' 11° (1-49) Sulfuric Acid - Mix 1 volume of concentrated
sulfuric acid (H5S0y) cautiously and with stirring, with

49 volumes of water.

12. Wash Acid - Mix 50 ml .of concentrated nitric acid
‘with 150 ml of concentrated hydrochloric acid and add

200 ml of water. -
D. PROCEDURE

CAUTION: .All glassware should be rinsed in C-12 wash

.acid solutien and then -with water before use.
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CHROMIUM DETERMINATION

D. PROCEDURE (Cont'd)

l. Pipet accurately 1.0, 2.0, 3.0, 5.0, 8.0 and 10.0.ml

- of the dlluted standard solution into six separated 125 ml

Erlenmeyer flasks. Into another 125 ml Erlenmeyer flask,
pipet 10 ml of water for use in preparing the. reference
solution.

NOTE: The chromium standapd solution aliquots represent

"chromium concentrations of 0.05, 0.1, 0;15, 0.25 0.4 and

0.5 ppm respectively.

2. Secure a fresh sample ( éample needed to be analyzed
for chromium content).

NOTE:v If reducing impurities aré absent, hexavalent chfo-
mium may bé determined directly by omltting steps D-3
through D-10. - Add 13 ml of (1-49) sulfuric acid H,S0y,

and proceed as described in step D-11. . (Standard solu-

. tion should proceed to step D-11).

3. Add 5 ml of concentrated nitric acid and evaporate

Just to dryness.

CAUTION: Do not bake.

L, Cool and add an additional 5 ml of concentrated nitric

acid; followed by 2 ml of concentrated sulfuric acid HQSOM.
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% CHROMIUM DETERMINATION

D. 'PROCEDURE (Cont'd)

5. .Evaporate to fumes, then heat gqgkly for 1 minute.

NOTE: If the residue is discolored by organic matter,
cautiously add 2.mllof concentrated. HpS0y toreduce
fumes, and repeat treatment as often as -necessary.
It may be necessary to add more‘concentrated sul- |
furic acid (HQSQM) to pfeVent the mixture from

becoming dry.

6. Cool the solution and add 17 ml of wateﬁ‘and neutra-

lize with (1-1) ammonium hydroxide NH,OH.

7. Add 13 ml of (1—49) sulfuric acid HQSOM. Swirl and,

if necessary, warm to achieve solution.

8. Filter through fine filter paper and wash the filter
three times with 5 ml portions of water. Filtrate and

washings should be collected in a 250 ml beaker.

9. Adad 12'drops of potassium permanganate (EMh®)) so-
lution. .Place on a hot plate on low heaﬁ for 20 minutes.
If the pink color disappears, add an additional 12 drops
of potassium permanganate (KMnbm)solution to maintain

' A a slight excess.

10. Add 3 drops of concentrated hydrochloric ?qid and

-152-



v

CHROMIUM DETERMINATION

.D‘

E.

PROCEDURE (Cont'd)

heat the solution until the color of the potassium
permanganate (KMnOy) disappears.
NOTE: .If any turbidity or precipitate is present at

this point, clarify by centrifuging.

11. Transfer the solufien to a 50 ml volumetric flask

and add 2 ml of the 1,5 diphenylcarbazide solution.

- Shake for 1 or 2 minutes and let stand for 1 minute.

12. .Add 5.0 ml of sodium dihydrogen phosphate (N?HQPOA)
solution~and let stand at least 5 minutes but.not more

than 30 minutes. Dilute to the 50 ml mark and shake

'for 1 or 2 minutes.

13. .Read the percent transmittance on the DU—Spectrd—
photometer at 540 m4using 1 cm cells.

NOTE: The spectrophotometer should be balancéd at 100
percent transmittancé using -the D-1 blank water solu-

tion.

14. The chromium concentration .in ppm -is read directly

from the calibration curve produced on .step E-1.

CALCULATIONS

1. Plot percent transmittance. versus ppm chremium on

.semi-log paper from step D-13.
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NICKEL .DETERMINATION

Method No. WC-18

- SUMMARY OF METHOD

. l : .
This method .1s based .on .the formation of a wine-red color

complex;of nickel with -ammoniacal diemethyiglyoxime.in the
presence of iodine. The color is measured directly with
the DU Spectrophotometer at .a wavelength of 350 mapgfusing

a.l cm cell.

-APPARATUS

1, Normal laboratory glassware is required for this work.

2. Spectrophotometer - Beckman DU - Spectrophotometer is

preferred.

REAGENTS AND MATERIALS

1. "Reagent grade chemicals shall be used to prepare rea~
gents. Unless otherwise indicated, all reagents shall con-
form to the specifications of the Committee on Analytical
Reagents of the American Chemical Society. Other reagents

may be used, provided they are of sufficient purity to

give the same .accuracy.

2. Purity of Water - All water used in preparing the rea-

'gents and in diluting the samples shall be demineralized

_water‘and'conform to the specification for Reagent Water

(ASTM Designation D 1193).
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d -NICKEL DETERMINATION

C. .REAGENTS AND MATERTIALS (Cont'd)

3. Ammonium Citrate Solution - Dissolve 500 grams of citric
acid monohydrate :in 675 ml of concentrated ammonium hydro-
xide (NH4OH), cool, and dilute to l-liter with water.

NOTE: Filter solution through .a fine filter paper before

using the solution.

4.  (1-1) Ammonium Hydroxide - Mix 1 volume of concentrated
ammonium hydroxide (NH4OH) with 1 volume of water.
NOTE: PFilter solution through -a fine filter paper before -

using the solution.

5. Dimethylglyoxime Ammoniacal Solution - Dissolve 1 gram

of dimethylglyoxime in 500 ml concentrated ammonium hydro-
~xide, and diluted to l-liter with water.
CAUTION: Prepare fresh  after two weeks.

NOTE: Filter-solution same .as C-3 .and C-4 reagents.

6. TIodine Solution (12.7 g/1) - Dissolve 6.35 grams of
1odine in a solution of 75 grams of potassium :iodide (KI)
in 60 ml of water and dilute to 5Q0 ml with water.

CAUTION: Store solution in a stoppered dark bottle.

7. Nickel Salution (1 ml = 0.02 mg Ni) - Dissolve 1.000

gram.of nickel (99.9 per cent Ni) in 10 ml of warm con-
centrated nitric acid (HNO3). Boil to expel nitrous oxide

fumes and dilute to 500 ml in a volumetric flask. Dilute
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'NICKEL DETERMINATION

'CO

-REAGENTS AND MATERIALS (Cont'd)

50 ml to 1000 ml .in a volumetric flask, and finally
dilute 50 ml of this solution to 250 ml in .a volumetric

flask.

PROCEDURE

1. From the nickel solution C-7 prepare a series of

standards by pipetting aliquots of 1.0, 2.0, 5.0,

10.0 'and 25.0 ml into 100 ml volumetric' flasks. Also

prepare a blank with no nickel standard .added.

NOTE: The nickel standard solution aliquets repre-
sent nickel concentrations of 0.4,.0,8, 2.0,
4.0 and 10.0 ppm respectively. The blank re-

preSents‘0.0 ppm nickel,

.2, Add water to make a volume.of 50 ml.

3. Add 10 ml of ammonium citrate solution and 5 ml

of i1odine solution to each volumetric flask.

L, Add 20 ml of ammoniacal dimethylglyoxime solution

and dilute,to 100 ml with water.

5. Mix well-and allow te stand for ‘10 minutes for

full color development.

6. Read the transmittance on the DU Spectrophotometer
at-530 mA{ using -1 cm cells.
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-NICKEL DETERMINATION

D. -PROCEDURE |

NQTE: -The_spectrophotometer-should be balanced to 100
per cent transmittance using the D-1 blank solu-

tion.

7. .Secure a frésh:sample (sample needed‘to be analyzed
for nickel content) and transfer two 50 ml portiens of the

the sample into separate 100 ml volumetric flasks.
8.  Repeat step D~3 for both flasks.
.9, To one .of the flasks repeatistep D-4 and D-5.

.10. To the second flask add 20 ml of (1-1) ammonium hy-
droxide (NHyOH) and dilute to 100 ml with water and re-
peat sfep D=5,

- .NOTE: Use this solution as the blank ‘solution.

11. Repeat step D-6,
NOTE: Read D-9:'solution and use D-10 solution as ‘the

’blank-solution.

.12, The nickel concentration in ppm is read directly |

from the ¢calibratien curve produced on step E-1.

CALCULATIONS

L, Plot transmittance versus ppm nickel on semi-log
paper from step D-6,
NOTE: This plot should be a straight line.
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SECTION V

RADIOCHEMISTRY METHODS

This section is a collec¢tion of radiochemical procedures for
determining the activity of selected radioisotopes. The method

specified for each isotope was chosen on the simplicity of the

" chemical operations involved, the time required for completion,

and the required degree of decontamination from other radio-
isotopes expected to be present, based on the distribution of

activity released from UO2 fuel elements to the coolant.

The.manipulations and techniques of radiocheﬁistry'and analy-
ticél chemistry are similar except for the final determination.
In analytical chemistry analysis the element is identified by
weilght of precipitate, titration or transmission or absorption
of 1ight° In a radiochemicél analysis the unknown is isolated

by performing a series of chemical separations that are speci-

fic for the fadionuclide to assayed. . Therefore the unknown -in

radiochemical analysis is determined by the energy and dis-

‘integration rate of its radiation.
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IODINE

Method No. RC-1

Summary of Method

The iodine isotopes are separated from the mixed fission -

product mixture by oxidizing to I, with nitrate and

2
extracting into carbon tetrachloride (CClq), The iodine
is reduced to isdide and extracted into sulfurous acid
solution. This oxidation and reduction is repeated once
again -and the iodide precipitated as paliadium iodide

(PdIg) for weighing and detérmining total desintegradation

rate of I-131 and I-133,

. Apparatus

=
f—

Normal laboratory glassware is required for this work.

no
pa—

Glass Fiber Filter -1 inch diameter x 0.01 inches

thick should be used. Any similar filter will be
sultable provided it_retains fine precipitates adequate-
ly and maintains constant weight to + 0.01 mg during
filtration and drying.

3) Filter Helder - The filter holder must hold the 1 inch

filters rigidly in place during filtration.

NOTE: Care should be taken to clean the holder
thoroughly between filtrations to prevent croés—contami-
nation.
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Desiccator - The desiccator must hold four 1 inch dia-

meter filters similar to Fisher No. 8-615.

Oven - Ovén should be gravity con&ectien type and be
éble to supply uniform heat at llOOCZtOna_'J_r_O,';éc?C°
(Fisher No. 13-244-1 or equivalent).

Gamma-Ray Spectrometer -.a sodium iodide scintillation

detector assembly connected to the appropriate amplifier
and pulse height.analyzer

Analytical Balance - It should be capable to weigh to

the nearest 0.1 mg.
The following additional supplles are needed:

. a 1 eaéh separatory funnel, 1000 ml Squibb type

o

each separatory funnel, 125 ml Squibb.type

Q

o

)

) 2

) 1 each 50 ml beaker

) 1 each 10 ml graduated cylinder
) 1

e each, metal/plastic spatula.

C. Reagents -and Materials

.

Purity of Reagents - Reagent grade chemicals shall be

uséd'to prepare reagents° Unless otherwise indicated, all
reagents shall conform to the specifications of the.
Committee on.Analytical Reagents of the American Chemical
Society. Other reagents may be used, provided they are

of sufficient purity to give the same accuracy.
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L)

Purity~of‘Water-w All water used in preparing the

reagents and in standardization of these reagents
shall be demineralized wafter and conform to the Speci-
fication for Reagent Water (ASTM Designation D1193).

Ethyl Alcohol - Either CP ethyl alcohol or denatured

ethyl alcohol (denatured according to formula No, 30,
Regulation No., 3 and its appendix, U. S, Bureau of
Internal Revenue) shall be used,

PM Sodium Carbonate - -Dissolve 21 gms sodium carbonate

(NapCO3) in 100 ml water.

NOTE: Heat to get complete dissolution,

1M Hydroxylamine Hydrochloride - Dissolve 7 gms hydroxy -

lamine hydrochloride (NHQOH;HCI) in 100 ml water.

NOTE: Store in cool place,

INNitric Acid. (HNO3) - Measure 64 ml of 15.7N nitric

acid (HNO3) and dilute to 1 liter with water.

0.1M Pailadium ¢hloride - Dissolve 21.4 gms of palladium

chloride (PdCly, - 2Hp0) and dilute to 1 liter with
water,

Todine Carrier 10 mg/ml - See Section II on standardi-

zation of carrier,

The additional chemicals are needed:
a) Carbon Tetrachloride (CC1y)

b) Sulfurous Acid.(HQSOB)

¢c) Sodium nitrite (NaNO,) (solid)

d) Sodium hypochlorite (5%)
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10)

15,7N Nitric Acid - Concentrated nitirc acid (HNO3)

.Procedure

1)

To the sample of the primary coolént, add 2 ml of
standardizgd iodine carrier.

Add 50 ml of 2M sodlum carbonate (Na2003) and .10 ml

-of 5% sodium hypochlorite. Heat to boiling and cool.

NOTE: It 1s not necessary fte heat to boiling to get
complete isotopic exchange,

Transfer to a 1000 ml separatory funne; and add .25 :ml
of carbon ftetrachloride (CCly).

Acidify by dropwise addition.of conc nitric acid (HNO3).

Add 15 ml of 1M hydroxylamine hydrechleride (NHQOH—HCl)

and shake separatery funnel until the brown color

leaves the aqueous layer., (As shoewn by blue celer in the
(cCly) phase)

Caution: Relieve gas which is built up during the shaking

~operation (with stopper inserted,in separatory funnel,

turn over and open stopceck).

If no color appears in either phase, repeat step 4 until
bluémpurple coler appears in the CCla;phasé. (Shake
separatory during this operatiqn),_

Transfer the carben tetrachloride (CCly) layer to a clean
125 ml separatory flaék and wash the original aqueous

layer twice more with carben tetrachloride (CCl),) and
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9)
10)

11)

12)

13)

14)
15)

combine all extracts in the 125 ml separatory flask.

Note: Discard the aqueous layer-as radloactive waste.

Add 4ml 1IN nitric acid (HNO3) to the combined carbon tetra-

chloride (CCly) washes from step D7.

Shake and transfer aqueous layer to a clean separatory.
Wagh the carbon tetrachloride phase twice more with the
HNO3—HESO3 as stated in step D8.

Repeat step D9 and combine waéheékfrom,steps ﬁ9 and . D10,
Note: Discard the organic (CCly) layer.

Add approximately 5 ml of carbon tetrachloride (CClu) to

the aqueous layer and cautiously add solid sodium nitrite

{NaNOo) by using a spatula and shake separatory funnel

until the brown color leaves the aqueous layer. (As

shown by blue cclor in the organic (CCly) phase.)

Caution: Relieve gas which is built up during the shaking
operation. B

If no color appeéears in either phase, repeat step D12 until
blue color appears in the organic phase. (Shake separatory
during this operation).

Repéat step D7 and discard the aqueous layer.

Add 5 drops 1M nitric acid (HNo3), 4 ml water and 1 ml
sulfurous acid (HESO3) to the combined- CCly layers from

step D14,
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16)

17)

18)

19)
20)

21)
22)

23)

2h)

2?)

-26)

27)

Shake and transfer the aqueous layer to a élean 50‘m1
beaker.

Wash- the carbon tetrachloride phase twice more with the
same mixture as stated in step DI15.

Repeat step D1€ and combine washes .from steps ﬁ16$ande}7
in a clean SO_ml braker. |
Note: Discard the organic (CCly) layer.

Heat the combined aqueous.solufion to boiling until all
excess SO, is drivén‘off (at least 2 minutes).

Add about 2 ml palladium chloride (PdClg) solution to
precipitate palladium'iodide (PAI,).

Digest the precipitate on a’hot plate for 5 minutes.

Filter with suction the precipitate onto a weighed glass

‘fiber filter placed in the filter holder. .

Rinse the beaker with ethyl alcohol and pour the rinsings
through the filter.

Wash the precipitate with.approximately.10 ml ethyl alcohol
and 10 ml of diethyl ether.

Place the filter containing the precipitate in an oven and

_dry at 1109 ¢ for 10-15 minutes. Cool in a desiccator for

10 - 15 minutes.

Weigh the filter and precipitate on an analytical balance
to the nearest 0.1 mg.

Subtract the tare Weighﬁ 6f the filter to obtain the weight

of the precipitate.
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D. PRCOEDURE {Cont'd)

28) -Mount the filter on a suitable holder,
-Note: Suitable holders are described. by Overman.and Clark
in ”Radioisotbpe Techniques“,.McGréw;Hill, i960

29) With a gamma-ray spectrometer, radioassay the precipitate.

Calculations

Only the 8.05 day half-life I-131 and the 21 hour half-life
I-133 are to be studied. Both are Beta and Gamma emitters and
~may be determined by selectively counting either ray. Gamma-

ray counting is preferred and should be used.

1) Plot the gamma spectrum.

2) Determine the disintegration rate of the 21 hr I-133 by
determining the area under the 0.53 Mev photopeak.

3) Determine the disintegration rate of the 8.05 day I-131 by
determining the area under the 0.364 Mev phofopeak.
Note: A minimum waiting period of 24 hours .after separation

should be used for determining I-131.

4) Repeat counting the sample 24 hours after purification: and
repeat steps El, E2 and. E3. | 3

5) Repeat counting the sample 3 days later and repeat steps El,
.E2 and E3.

6) Plot a decay curve on semilog paper of the count rate vs time

on both the O.53aMev I-133 and 0.364 Mev I-131 photopeaks.
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-IODINE METHOD

E. CALCULATIONS (Con%'d)

T The disintegration rate of Iodine 131 and 133 is calcu-

lated using the equation:

dpm-ml = o C
(MEF,)
Where:
C = Counts per minute for Todine 131 and 133 each, corrected

for background counts and extrapolated back to sampling

time.

.E = Counting efficiency"
NOTE: This factor should include the fractional abundance
of the gamma ray -and the photopeak detection effi-

clency.
F =~Fractionél chemical yield for the separation.

V = Volume of sample in ml.
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MANGANESE

Method No. RC-2

Summary of Method

Mangénese is separated from the mixed fission product mixture

and precipitated as ﬁanganese dioxide., The precipitate 1is
mountéd and counted with a gamma-ray spectrometer for manganese -
54 and 56. The appropriate corrections are made for chemical

yield, and radioactive decay during analysis.

AEEaratus

1) Normal laboratory glassware is required for this work.

2) Glass Fiber Filter - 1 inch diameter x 0,01 inches thick

should be used. Any similar filter will be suitable provided
it retains fine precipitates adequately and maintains

éonstant weight to * O,i mg during filtration and drying.

3) Filter Holder - The filter holder'must hold the 1 inch
filters rigidly in place during filtration,
. NOTE: Care should be taken to clean the holder thoroughly

between filtrations to prevent cross-contamination,

4) Desiccator - The desiccator must hold four 1 inch diameter
filters similar to Fisher No, 8-615,

5) Oven - Oven should be gravity convection type and be able to
supply uniform heat at 110°C to a t 0.5°C. Fisher No..13—
24l -1 or equivalent).

6) Analytical Balahce - It should be capable to weigh to the

nearest 0,1 mg.
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7) Gamma-Ray Spectrometer - A sodium iodide scintillation

detector assembly connected. to the appropriate amplifier
and pulse height analyzer. |

8)‘ The following additional supplies are.needed:
a Centrifuge cones, 50 ml

Pipettes, 1 ml

log

(@]

(o

Erlenmeyer flask, 125 ml

)
)
) Hot plate
)
e)

Graduated cylinder, 100 ml

C. . Reagents and Materials

1) Purity of Reagents - Reagent grade chemicals shall be used

to prepare reagents. Unless otherwise indicated, all
reagents shall conform to the specifications. 6f the Committee
on Analytical Reagents of the American Chemical Soclety.

~ Other reagents may be used, prpvided they are of sufficient

~ purity to give the samé accuracy.

2) Purity of Water - All water used in preparing the reagenté

-and. in standardization of. these reagents shall be deminera-
lized water and conform to the Specification for Reagent
Water (ASTM Designation D1193)

3) Ethyl Alcohol - -Either CP ethyl alcohol or denatured ethyl

alcohol (denatured according to formula No. 30, Regulation
No. 3 and its appendix, U.S. Bureau of Internal Revenue)

shall be used for this method. =@ s ... . = o<
~168-




4) .Standardized Manganese Carrier - see sectlen on
sténdardization.of carriers,

Chromium Carrier (10 mg/ml) - Dissolve é.8 gms' of potassium
dichromate (K20r207) and dilute with.100 ml of water.

6) Cobalt Carrier (10>mg/ml) - Dissolve 4 gms cobalt chloride
(CoClp-6Hp0) and dilute with 10 ml 12N hydrechloric acid
and - 90 ml of water,

7) Tungten Carrier (lo mg/ml) - Dissolve 1.8 gms sodium

| tungstate (Nagwou-zH,eo) and diluted with 100 ml water,

8) Saturated Sodium Bromate Solution - Dissolve 40 gms of
sodium bromate in 100 ml water. i

9) The following-additional chemicals are needed: |
1) 30% Hydrogen peroxide (H0p)

2) Diethyl ether.
Procedure
. 1) Measure 100 ml of filtered primary coolant inte a .125 ml
Erlenmeyer flask and'addi2.m1 of standardized manganese
. carrier and 5 drops each of 1 ml of chromium and cobalt
carriers., Add 1 ml of Tungsten-carrierf‘
.2) Add 5 ml conc. (15.7N) nitric acid (HNO3) and evaporate

to approximately 5 ml on the hot plate.
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10)
11)

12)

13)

14)

Transfer td a centrifuge tube using as little water as
possible and centrifuge for two minutes. |

Decant the éupernate from the centrifuge tube into the
Erlenmeyer flask. Discard the yellow precipitate.

Add 2 ml of saturated sodium bromate (NaBrO.) solution

3 -
and boil for three minutes to precipitate manganese dioxide
(MnO5) (the precipitate will be brown).

Transfer to a centrifuge tube and centrifuge for two

minutes. Discard the supernate as radioaétive waste.

Wash the precipitate with approximately 10 ml of water.

Centrifuge for two minutes and discard the supernate (wash °

water) as radicactive waste.

Dissolve the precipitate in 5 ml cone, (15.7N) nitric acid

CHNO3) and 5 drops of hydrogen peroxide (H202) and heat.

ATter complete dissolution, transfer the dissolved pre-
cipitate to a clean Erlenméyer flasku

Repeat step D5,

Filter with suction the precipitate onto a weighed glass
fiber fiiter plaéed in the filter holder.

Rinse the Erlenmeyer flask with 20 ml water and pour the
rinsings through the filter.

Wash the précipitate with approximately ‘10 ml ethyl aléohol
and 10 ml of'diethyl ether,

Place the filter containing the precipitate in an oven and

dry at 110°¢ for 20 minutes. Cool in a desiccator for
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15)

16)

17)

18)

30 minutes.

Weigh the filter -and precipitate on an analytical balance
to the nearest 0.1 mg.

Subtract the tare weight of the filter to obtain the
weight of the precipitate.

Mount the filter on a sultable holder,

NOTE: Suitable holders are described by Overman and Clark
in “Radioisotopes.Teghniques”, McGraw-Hill, 1960,

With a gamma-ray spectrometer, radioassay the precipitate

immediately.

E, Calculation

Only the 2.6 hour half-life Mn-56 and the 314 day half-life

Mn-54 are to be studied,

1)
2)

3)

Plot the gamma spectrum

Determine the count rate of the 2.6 hour Mn-56 by

determining the area under the 0,845 Mev photopeak.

Repeat counting the sample 2, 4 and 8 hours after purifi—
fication qnd repeat steps El1 and E2,.
Plot a decay curve on semilog paper of the count rate vs
time on the 0.845 Mev Mn-56 photopeak.
The disintegration rate for manganese-56 is calculated
using the equation:
dpm-ml = C

(V) (E) (Fy)
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"where:

v

Fy

6) Calculate

as follows:

A

Where:

= A

Count rate of sample in counts:per'minute,
corrected for background counter -and extra-
polated back to sampling time

Counter efficiency

Vélume of sample in ml.

fractional chemical yield for the separation

the decay correction for radioactive manganese

e-0.693 t/T

SO

activity at time, t.

activity at time zero in same units as A
base of natural logarithhs

elapséd‘time

half-life of isotope in same units-as t.

7) Repeat counting the sample 3 days later and repeat

. counting the same every seven days until a 314 day slope

~can be established on a semilog plot.

8) Repeat step El.and determine the count rate of the 314

day Mn-54 by determining the area under the 0.835 Mev

photopea

k .

9) Repeat steps E-5 and E-6,

'10) Record data and calculate concentrations on form LACBWR-

Rc_l °
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-GROSS ALPHA ACTIVITY

'Method No. RC-3

RN

SUMMARY OF METHOD

A sample of the coolant shall be analyzed by evaporating

a sample on a .stainless steel planchet and .counting on

a . proportional counter to determine gross alpha activity.

APPARATUS

Evaporator Feeder - To be able to evaporate large volume

samples onto a planchet. (See Figure RC-3-1).

2. Infra-red lamp.

3. 1 each -2 inch diameter stainless steel planchets.

4, Small (clean): forceps.

5. Pfoportional Counting system - a proportional detec~

tor connedted to appropriate amplifier and scaler type

system.

REAGENTS AND MATERIALS

1. Reagent grade chemicals shall be used to prepare rea-
gents. UnieSS-ptherwise indicated, all reagents shall
conform to the specifications of the Committee on Analy-
tical Reagents of the American Chemical Society. Other
reagents may be used, provided they are of suffilcient
purity to -give the same accuracy.
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-GROSS ALPHA ACTIVITY

CD

REAGENTS AND MATERIALS (Cont'd)

2. Purity of Water - All water used in preparing the

reagents and in:diluting the samples shall be demlnera-

‘1lized water and conform to the Specification for Reagent

Water (ASTM Designation D1193).

3. Concentrated Nitric Acid (15.7N) (HNO,).

PROCEDURE

1. Add 5 ml concentrated (15.7N) nitric acid (HNO to

3)

500 ml of primary coolant in an Evaporator Feeder (see

section B-1).

2. UsingeuLEvaporaﬁor Feeder -evaporate the 500 ml from

1

step D-1 .onto a 2 i1nch diameter stainless steel planchet.
3. Count on the proportional flow counter.

CALCULATIONS

1. Count for one hour at the alpha voltage setting.
2. Correct for a one hour planchet background and calcu=
late

#c/ml as: o

Mc/ml = %58 % 100 (E)(V)

-174~




-GROSS ALPHA ACTIVITY

E. CALCULATIONS (Cont'd)

Where:

Q
!

alpha count rate, in net counts per minute

E = countef’efficiency

<
il

volume .of original sample in ml

6

2.22 x 10° = conversion factor from disintegrations per

minute to micro curies.

-175-




FIGURE RC-3-1

' Evaporator Feeder




_ CESIUM METHOD

(Cesium-137, and 138)
Method No. RC-4

.SUMMARY OF METHOD

Cesium 1is scavenged with - iren hydroxide to remove impuri-
ties then precipitated as cesium_chloroplatinate from an
acid-ethyl alcohol medium. The -cesium chloroplatinate is

welighed and radloassayed by gamma-ray spectrometer.

APPARATUS

1. Normal laboratory glassware is required for this work.

2. Glass Fiber Filter - .1 inch diameter x .0.1 inches

thick should be us?d. Any similar filter will be sulitable
provided it retains fine precipitétes adequatelyland main-
- tains constant weight to + 0.01 mg during filtration and

drying.

3. Filter Holder - The filter holder must hold the 1 inch

filters rigidly in place during filtration,
NOTE: Care should be taken to clean the holder thoroughly

between - filtrations to prevent cross-contamination.

4. Desiccator - The desiccator must held four ‘1 .inch dia-

meter filters similar to Fisher No. 8-615.
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f CESIUM METHOD
‘ B, APPARATUS (Cont'd)
5. Qven - Oven should be gravity convection type and be

‘able to supply uniform heat at 110° C to a + 0.5° C Fisher

No. 31-244-1 or equivalent).

6. Analytical Balance - It should be capable to weigh to

the nearest 0.1 mg.

7. Gamma-Ray Spectrometer - A sodium 1pdide scintillation

detector assembly connectéd to the appropriate amplifier

and pulse height analyzer,'

8. Centrifuge - A clinical centrifuge shall be used. The

head should accommodate 50 ml centrifuge tubes.

9. The following additonal supplies are needed:

“.a. 50 ml centrifuge tubes

C. REAGENTS AND MATERTIALS

,i; Reagent grade chemicals shall be used to prepare réa-
gents., TUnless otherwise indicated,’all reagents shall
cqnférm to the specifications bf theACommittée bf Analy-
tical Reagents of the_American'CHemical Socilety. Otﬁer
‘reagents may be used, provided they are of sufficient

purity to gilve the same accuracy.
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CESIUM METHOD

C.

REAGENTS AND MATERIALS (Cont'd)

2. Purity of Water - All water used 1n preparing the
reagents and in diluting the samples shall be deminera-
lized water and conform to the specification for ‘Reagent

Water (ASTM Designation D 1193).

3., Cesium Carrier (10 mg/ml) - Refer to Section II on

standardization of carriers.

4. Ruthenium Carrier (10 mg/ml) - Dissolve 3 grams of

ruthenum chloride -in 100 ml of water. Filter through a

medium filter paper.

5. Zirconium Carrier (10 mg/ml) - Refer to Section II on

standardization of carriers.

6. Iron Carrier (10 mg/ml) - Refer to Section II on

standardization of carriers.

7. 6N Sodium Hydroxide - Dissolve 126 grams sodium hy-

droxide (NaOH):in 500 ml of water.

8. 6N Hydrochloric Acid - Measure 500 ml of concentrated

hydrochloric acid and dilute to 1l-liter.

.9, Methyl Red Indicator - Dissolve 1 gram'ofmﬁéthyl red

in 600 ml of alcohol and dilute to 1-liter.
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f . CESIUM METHOD
. C. REAGENTS AND MATERIALS (Cont'd)

10. .10% Chloroplatinic Acid - Dissolve .10 grams chloro-

platinic acid crystals (HQPt016 . 6H20) in-90‘ml of water.

11. Ethyl Alcohol - Either CP ethyl alcohol or denatured

ethyl alcohol (denatured according to formula No.30, Re-
-gulation No. 3 and its appendix UuS..Bureau of Internal

Revenue) shall be used for separating Eesium.

12. 12.1N Hydrochloric Acid - Concentrated hydrochloric

acid (HC1).

13. Silicotungstic Acid Solution - Dissolve 425 grams of

silicotungstic -acid (810,12W05 + 26Hy0) in water and dilute

to l-liter with water.

14, Rubidium Carrier (10 mg/ml) - Refer to Section II on

.standardization,of carriers.

15. (1-2) Hydrochloric Acid - Measure 1 volume of concen-

-trated hydrochloric acid to 2 volumes of water.

Di .PROCEDURE
1. Add 2.0 ml cesium carrier and 5 ml concentrated hy-

drochloric acid to the sample to be analyzed.

2. Add 1 ml of rubidium carrier and 1 ml of silicotungstic
acid and allow the solution to stand for 5 minutes with

occaslional stirring.
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CESIUM METHOD

D.

PROCEDURE (Cont'd)

3. Centrifuge for 3 minutes and discard the supernate.

4, Wash'the precipitate twice with 10 ml of (1-2) hy-

drochloric acid.

5. .Dissolve the precipitate in 2 ml of the 6N :sodium
hydroxide (NaOH) solutien and 5 ml of water.
NOTE: :Heat gently’if'it is necessary to -put precipitate

in .solutien.

6., Carefully add dropwise 6N hydrochlorc acid until a
precipitate forms and add 5‘ml excess. Digest on a hot

plate and cool,

7. Centrifuge for 2 minutes and transfer the supernate
into a clean 50 ml centrifuge tube.
NOTE:  Discard the yellow WQ3 precipitate to the solid

radiocactive waste.

=

8.. Add 3 drdps each of iron, zirconium and ruthenium

carriers to the supernate.

.9, Precipitate ruthenium, zirconium and iron carriers

by adding 6N sodium hydroxide (NaOH) drops urnitll a floc-
culent precipitate forms. .Add 5 drops in .excess.

NOTE: The precipitate formed will be brown.
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CESTUM METHOD

D,

PROCEDURE .(Cont 'd)

10. Centrifuge fer at least 5 minutes and transfer the
supernate to a new clean 50 ml centrifuge tube. The ori-

ginal centrifuge tube and precipitate should be dlsposed of

as radieactive waste.

.11, Add 3 drops eof iron carrier and repeat sFeps-D—Q and

D-10.

12. Add 1 droep of methyl red indicator 'and add 6N hydro-

chloric acid (HC1l) dropwise until a red color appears.

.NOTE: - Swirl to ensure adequate mixing.

.13. Add 1 ml of 10% chloroélatinic acid (H2Pt016) and

10 ml ethanol. Swirl and heat to boiling.

14;‘ Cool the éentrifuge tube for 30 minutes in a refri-

-gerator or ice bath.

'15. -Filter with .suction the precipitate .onto a weighed

glass fiber filter placed .in the filter holder.

16." Rinse the centrifuge tube with ethanol and .pour the

rinsings through the filter,

17. Wash the precipitate with 5 ml each of ethanol and

ether.
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- CESTUM . METHOD

D.

PROCEDURE (Cont'd)

A18. Place the filter éontaining‘thetprecipitates.in.an

~oven: and dry at 110°C for 10-15 minutes. Cool in.a

desiccator for 10-15.minutes.

19. Weigh the filter and precipitate on an analytical

balance to the nearest 0.1 mg.

20. Subtract the tare weight of the filter to obtain

the weight of the precipitate.

2l. Mount the filter on a suitable holder.

NOTE: Suitable holders are described by Overman-.and
Clark in "Radioisotope Technique", McGraw-Hill,
1960.

22. With a gamma-ray spectrometer, radioassay the pre-

cipitate.

CALCULATIONS

The cesium activity characteristics are as follows:
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CESIUM METHOD

E. CALCULATIONS {Cont'd)

Gamma -Ray
Isotope Half-life Energy, Mev.

Cesium-137 ~ 29.2 yrs. 662 (82%)
Cesium-138 32 min. .138 '

.193

.229

411

463

.545

. 87

1.43 (73%)

2.20

2.61
Cesium-136 13 day . .067

.087

. 16

.27

. 34

. 83

1.065

~184-



B

CESIUM METHCD

E. CALCULATIONS (Cont'd)

NOTE: .If the demineralizeris not functioning properly,
cesium-136 will be detected .in the é&ffluent of

the ‘Ion :Exchanger.

1. .Determine the disintegration rate for cesium-137 by

determining area under the 0.662 Mev photopeak.

2. .Determine the disintegration rate for cesium-138 by

determining area under the 1.43 Mev photopeak.

.3. .The disintegration rate of cesium-137 and 138 is

calculated using the equation:
" dpm-ml .C
- (MEITE,)
Where;.
o= Counts per minute for ceSium-lBYAand~l38 each corrected

for background counts and extrapolated back to sampling

“time. -

.E = Counting éfficienéy
NOTE: This factor should include the fractional abun-
dance of the gamma ray and the photopeak detec-

tion efficiency.
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CESIUM - METHOD

.E'

CALCULATIONS. (Cont'd)

Fy = Fractional chemical yield .for the separation.

'V = Volume of sample in ml.

4, . Plot a decay ¢urve on .semilog paper of the corrected

counts per minute versus time for cesium-138.

_NOTE: .A decay curve should be taken over a .period of

several hours (sample shduld be counted for cesium-
138 ‘at a minimum of one time an hour over a period
of four hours) and extrapolated back to sampling

time.
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STRONTIUM :AND BARIUM METHOD

‘Method No. .RC-5

SUMMARY OF METHOD

Barium and strontium are-sepafated from fission product

mlxtures by precipitation with fuming,nitric acid..Bariﬁm

‘is separated from strontium as  the chromate 'in buffered

acetic acid solution and strontium precipitated.as strontium

oxalate.

.NOTE: The only important alkaline earth fission products

are barium and strontium.

. APPARATUS

1. Normal laboratory glassware is required for this work.

: 2.1.Glasé.Fiber3Filter -1 iﬁch diameter x 0.0l inches

thick should be used, Any similar filter wiil be suitable

providedlit retains fine precipitates adequately and main-

AtéihsMcohstént welight to + 0.1 mg during;filtration,and

dryiﬁg.} .

3. " Filter Holder - The_filterxholder-must hold the 1 .inch

filters rigidly'in place during filtration.

.NOTE: .Care should be taken to clean the holder thoroughly

between filtrations to prevent cross-contamination.
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STRONTIUM AND BARIUM METHOD

B.

APPARATUS (Cont'd)

4, . Desiccator - .The desiccatof‘mustfhold four ‘1 inch

diameter filters similar to Fisher No. 8;615.'

:5. Oven - .Oven -should be gravity convection type ‘and

be able to supply uniform heat.at 110°.C to a + 0.5° C.

(Fisher No. 13-244-1 or equivalent..)

6. Analytical Balance - It should be capable to weigh

~ to the nearest 0.1 mg.

7. Gamma-Ray Spectrometer - -4 sodium iodide scintilla-

tion detector assembly connected to the appropriate am-

plifier and pulse height analyzer.

8. Proportional Counting System - A proportional detec-

for connected to appropriate amplifier and scaler type

system:

REAGENTS AND MATERTALS

1. Purity of Reagents - Reagent grade chemicals shall

be;used to prepérérreagents. Un;ess otherwiée‘indicated,
all reagents shall conform to the specifications of the
Committee on -Analytical Reagents of the- American Chemical
Socieﬁy. Other reagents may be -used, provided they are

of sufficient purity to give the same accuracy..
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STRONTIUM AND BARTUM METHOD

C. REAGENTS AND MATERIALS (Cont'd)

2. Purity of Water - All water used in.préparing the rea-

gents and in .standardization .of these reagents shall be
demineraliéed water -and conform to the -Specification for

Reagent Water (ASTM Designation=D 1193).

3. Ethyl Alcohdl - Either CP ethyl alcohol or denatured
ethyl alcohol (denatured according to formula No. 30,
Regulation No. 3 and its appendix, U.S. Buréau of Internal

Revenue). shall be used for Standardization of the Carriers.

4, Standardized .Strontium Carrier - See Section II on

Standardization of Carriers.

5. .Standardized Barium Carrier - -See Section II on Stan-

dardization of Carriers.

~ 6. Lanthanum Carrier - Dissolve 31 grams in 1000 ml of

water.

7. Iron Carrier (Unstandardized) - Dissolve 1 gram iron

metal powder in 50 ml concentrated hydrochloric acid (HC1)

plus 50 ml,wéter.

8. 6M Ammonium Hydroxide (NH&OH)— Measure 400 ml of con-
centrated ammonium hydroxide (NH4OH) (14;8M) and'diluté
to l-liter.
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f STRONTIUM AND BARIUM METHOD

C. REAGENTS AND MATERIALS (Cont'd)

9. 6M Nitric Acid (HNO5) - Measure 384 ml of concentrated

nitric acid (15.7N) (HNO,) and dilute to 1-liter with water.

3)

10. 6M Acetic Acid - Measure 200 ml concentrated acetic acid

(H02H302)(17.4N) and dilute to 500 ml with water.

11. .1.5M .Sodium Chromate .(Na,Cr0Oy) - Dissolve 243 grams of

sodium chromate (Nagcrou) in water and dilute to 1l-liter with

water.

12. 6M Ammonium Acetate - Dissolve 230 grams of ammonium

acetate (NH4C2H302)'in water and dilute to 500 ml with water.

13. ~Conqentrated_Ammonium Hydroxide‘--Normality of concen-

trated reagent is-14.8N.

'PROCEDURE

1. Add_to 50 ml glass centrifuge tube.ELmlstandardized

‘strontium carrier, 2 ml standardized barium carrier, 2 ml

.unstandardized lanthanum.

NOTE: Sample size should be chosen to’contain~2000;6000

strontium beta counts per minute at 277 geometry.

2. Add 30 ml of red fuming nitric acid (HNO3) and stir for
1-2 minutes.

NOTE:Step D-2 should be cooled in an ice bath.
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@  sTrRONTIUM AND BARTUM METHOD

D. PROCEDURE (Cont'd)

N 3. Centrifﬁge for:2 minutes and discard supernate to a

plastic ‘waste bottle --- at least 1/2 full.of water.

4, Dissolve the precipitate in about 2 ml water and add

15 ml red fuming nitric acid (HNO (Cool in an. ice bath

3)'
during this operation).
NOTE: To dissolve the precipitate, heating may be necessary

to effect complete solution.
5. Repeat step D-3.

6.- Dissolve precipitate in 5-10 ml water and add approxi-
mately 1 ml iron carrier (unstandardized) and 2 ml 6M
ammonium hydroxide (NH,OH).

NOTE : Fe(OH)3

contaminating activities.

scavenging precipitation is made to remove

7. Centrifuge and decant supernate to a new glass 50 ml
! ' centrifuge tube. Discard the brecipitate.
NOTE: Note day and time at this step. Date and time is
necessary to make correcﬁion in calculation for

- Yttrium 90 growth.

8. Neutralize supernate to alk-acid paper by adding 6M

nitric acid (HNO3) dropwise.
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STRONTIUM -AND BARIUM METHOD

D.

¢

|
ki

.PROCEDURE_(Cont'd)

9. Add 1 ml-6M acetic acid and 2 ml ammonium acetate.

1Q. .Heat to ‘incipient boiling, while stirring, add 1 ml of
1.5M sodium chromate (NaQCrOA).
NOTE: Barium is separated from strontium as the chromate.

Strontium remains 1n solution.

11. Centrifuge for 2 minutes and decant supernate to a new

clean glass centrifuge tube.

12. Save the precipitate from step D-11 and rinse the cen-
trifuge tube with ethyl alcohol and pour the rinsings onto

a weighed glass fiber filter placed in the filter holder. -

13. Wash the precipitate with -approximately 10 ml ethyl

alcohol and 10 ml of diethyl ether.

‘14, Place the filter containing the precipitate'in.én oven

and dry at 110° C for 20 minutes. Cool in a desiccator for

-10-15 minutes.

'15. Weigh the filter.and precipitate .on .an analytical bal-

<ance-to the nearest 0.1 mg.

A16, ‘Subtract the tare welght of the filter to obtain the

weight of the precipitate.
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STRONTTIUM AND BARIUM METHOD

D.

PROCEDURE (Cont'd)

17. Mount the filter on a sultable holder.
NOTE: Suitable holders are described by Overman and Clark

in "Radioisotope Techniques", McGraw-Hill, 1960.

18. With a gamma-ray spectrometer, radioassay the precipi-

tate.

19. To the clear supernate from step D-11, add 2 ml con-

centrated ammonium hydroxide (NH,OH).

20. Heat to incipient boiling and 'while stirring, slowly

add 5 ml saturated ammonium oxalate (NH4)20204.

NOTE: Strontium is precipitated as strontium oxalate

(8rpC,0),-H,0) and weighed as such.

21. Filter wifth suction the precipitate onto a weighed
glass fiber filter placed .in the filter'holder and repeat

steps D-13, D-14, D-15, D-16 and D-17.

22. Beta count using the Proportional Flow Counting SySr'

tem.

CALCULATIONS

The barium activity is primarily composed of 83 minutes
half-life Ba-139 and 12.8 day half-lifeABa-lMO activities.
Both are beta and'gamma emitters. For the Ba-139 determilina-

tion, count every 15 minutes for 13 hours by following the
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STRONTIUM . AND BARIUM METHOD

E .

'CALCULATIONS (Cont'd)

0.165 Mev gamma photopeak. For the Ba-140 determination,

if Ba-139:1is present,‘begin counting one day after puri-

fication from step D-10. Then walt for two weeks and count

daily thereafter for 5 to 10 days.

1. Plot the gamma spectrum.

2, Determine the disintegratién rate by determining the

-area under the 0.165 Mev photopeak for BaFl39.

3. Plot a decay curve on semllog paper of the corrected

counts per minute versus time. |

NOTE: The counting rate of Ba-139 at sampling time 1s ob-
tained by extrapolating the 83,minute decay curve

back to sampling time.

4. To determine the contribution of 12.8 day half-life
Ba~140 to the sample, allow the sample to.equilibrate-with
1ts 40 hour ‘half-life La-140 daughter over a period of two
weeks. Then count daily for five days. The count taken
one day after-separation may be computed because lan-
thanum hoid—back carrier was used in the separation part
of the procedﬁre. (See figure -RC-5-1 for the curve on

Ba-140 decay and growth of La-140 activity.)
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Eo

CALCULATIONS (Cont'd)

5. .The disintegration rate of both:Ba-139 and Ba-140 is

calculated using the -equation:

. C__
dpm - mb = (TTTET T,

Where:

.C = Counts per minute corrected for background counts.
V = Factor for volume of sample.
E = Countilng efficiency.

F.,= Yield factor.

y

B

6.. To determine strontium-90 see method RC-6, Section E.

_195_



ACTIVITY

!
FIGURE RC-5-1

Baeluo

La-140

Decaﬁ of Ba-140 and Growth of
‘La~140 Activity

Ba » La » Ce-140
307.2 hr. 40.2nhr.

When the activity of Ba-140 = 1
at t=0, and the activity of
La-140 = 0 at t=0

I | I I

] |
i )
150 250 301)Time (hoﬁégl 500 650
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'STRONTIUM - 90

‘Method No. RC-6

SUMMARY OF METHOD

The.precipitated sample of strontium oxalate.menohydrate

from procedure RC-5, 1s disintegrated with fuming. hitric
acidAafter~addition of yttrium carrier. Strontium and yttrium
are coprecipitated as a mixture of oxalate and carbonate salts
by the addition of excess sodium carbonate. The precipitate

is ignited and then dissolved in nitric acid and then precipi-
tated as yttrium hydrokide. The yttrium hydroxide is aissolved
and finally precipitated as yttrium oxalate for weighing and
counting. |

NOTE: This method should be used if high

burificationAis required.
APPARATUS
1, Normal laboratory glassware 1s required for this work.

2. . Glass Fiber Filter - 1 inch diameter x 0.01 inches

- thick shoeuld be used. Any similar filter will be guitable
provided 1t retains fine precipitates adequately and main-
tains constént wéight to + 0.1 mg during filtratien and dry-

ing.
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STRONTIUM. - 90

- B. APPARATUS (Cent'd)

3. :Filter Holder - The filter holder must hold the 1
ihch filters rigidly in place during filtration. ‘
.NOTE: Care should be taken to éiean,the |

helder- thoroughly between filtrations

to prevent cross-contaminatioen.

Aﬁ. .Desiccator - The desiccator should hold four 1 inch

diameter filters similar to Fisher No. 8-615.

5. Oven v Oven should be gravity convection type and
be able to supply uniform heat at 110° C ‘to a + 0.5° C.

(Fisher No. 13-244-1 or equivalent).

6. Analytical Balance - It should be capable to weigh to

the nearest 0.1 mg.

7. . Propertienal Counting System - A.proportional detector

connected to apprepriate amplifier and scaler type system.

8. Muffle Furnace - To be able to hoeld four crucibles and
. also designed for continuous operation at temperatures up to-

900° ¢ (1650° F). (Fisher No. 10-552 or equivalent.)
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STRONTIUM - 90

B. APPARATUS (Cont'd)

9. The following additional .supplies are needed:

a 25 ml beaker (6 each)

o

Fine filter paper (Whatman type)

(¢

(o}

100 ml beaker (6 each)

0]

)

)

) 40 ml porcelain crucible (6 each)
) 50 ml centrifuge tubes (12 each)
)

£ 50 ml beaker (6 each)

C. .REAGENTS AND MATERIALS

1. Reagent grade chemicals shall be‘used to brepare reagents.
Unless otherwise indicated, all reagents shall confeorm to the
specifications of the Committee on Analyftical Reégents of the
American Chemical Sociéty. Other reagents may be used, provided

they are of sufficient purity to give the same accuracy.

2. Purlty of Water - All water used in preparing the reagents

‘and in diluting the samples shall be demineralized water and
conform to the Specification for Reagént Water (ASTM.Designa-
tion D1193). |

3.  Ammonium hydroxide (14.8N) - Concentrated ammenium

hydroxide (NHMOH)ﬁ

4., Ethyl Alcohol - Either CP ethyl alcohol or denatured
ethyl alcohol (denatured according to formula No; 30, Regula-
tien No. 3 and its appendix, U. S. Bureau of Internal Revenue)

:shall be used for thig method..
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STRONTIUM - 90

C. REAGENTS' AND MATERIALS (Cont'd)

5. . Ammonium Oxalate Solution ( (NH4)2C20M . Hgo) - saturated

solution.

6. Hydrochloric Acid Solution {(1-1) - Mix 1 volume of

concentrated (12.N) hydrochloric acid (HCl) with 1 velume of

water,

7. Nitric Acid Solution (2-3) - Mix 2 volumes of concentrated

(15.7N) nitric acid (HNO3) with 3 volumes of water.

8. Sodium Carbonate Solution - Dissolve 212 g of sedium

carbenate (NayCO3) in water and dilute to l-liter with water.

9. Sthntium Carrier - Refer to Section II on standarization

of carrier.

10. : thfrium Carrier - Refer to Section II -en standardization

" of carrier.

11; ‘The following additional chemicals are needed:
a) Ethyl Ether
'b) (Red) Fuming Nitric Acid

¢) Sodium Carbonate (Na2003) Selid

© -200-



STRONTIUM - 90

'D. - PROCEDURE

1. Place the filter containing the strontlium oxalate

precipitate in a 25.ml beaker.
2. Add 2.0 .ml of standardized yttrium carrier.

3.. Add 10 ml of fuming nitric acid (HNO3) and evaporate
to near dryness,
NOTE: . After evaporating to near dryness, cool

beaker to room temperature.

4. Add 2 ml of fuming nitric acid (HNO3) and evaporate

to near dryness.
5. Add carefully 10 ml of the saturated sodium carbonate
(NaECOB) solution and 1 gm of solid sodium carbonate (NaQCO3).*f'

6. "Boil for 5 minutes on a hotplate and cool to room tempera-

ture. C -
7. Filter the solution through a fine filter paper. After ‘
|

filtering the solution, wash the precipitate with water.

8. Transfer the filter paper containing the precipitate to
a porcelain crucible and ignite at 700° ¢ for 1 hour in a

muffie furnace.

9. Carefully dissolve the residue in nitric acid (2-3)

(HNO3) and transfer tb a 100 ml beaker with 20 ml of water.
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D.

PROCEDURE . (Cont 'd)
10. Repeat step D-6

11. Add concentrated ammonium hydroxide (NHAOH) dropwise
until yttrium hydroxide precipitates. Add 5 .ml in excess

and transfetho a 50 ml centrifuge tube.
12, Centrifuge and discard the supernétantt

13. Wash the precipitate twice.with 10 ml of water and

repeat step D-12 between each wash.

- NOTE: Record the date and time afer

-washing precipitate twice.

14. Dissolve the precipitate in (2-3) nitric acid (HNO3).

"Add. 2 ml of the strontium carrier solution and repeat steps

D11, D12 and D13.

i}

15. Dissolve the precipitate in 2 ml of (1:-1) hydrochloric
acid (HC1), dilute to 15 ml with water and transfer to a

50- ml beaker.

16, Heat the solution to near boiling and add 20 ml of

saturated.ammOnium oialate solution. Continue heating for

10 minutes and then cool in an ice bath.
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. D °

b

. PROCEDURE (Cont'd)

17. .Filter with suction the precipitate onto a weighed

glass fiber filter placed in the filter holder.

18. Rinse the beaker with ethyl alcohol and pour the

rinsings through the filter,

19. Wash the precipitate with approximately 10 ml ethyl

alcohol and 10 ml of diethyl either.

- 20, Place the filter containing the precipltate in an oven

and dry at 110° C for 20 minutes. Cool in a desiccator for

20 minutes.

21. Weigh the filter and precipitate on an analytical balance

to the nearest 0.1 mg.

22. Subtract the tare weight of the filter to obtain the

weight of the precipitate.

23. .Mount the filter on.a suitable holder.
NOTE: Suitable holders are described by Overman
L ‘ : . |
and Clark in "Radioisotope Techniques"

McGraw-Hill 1960,

A2H. Couht.the yttrium oxalate precipitate~bn the propertional

flow counting system.
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E. - CALCULATIONS | '4 |

1. Calculate the concentration D, of radioactive yttrium-90

in microcuries per cc as follows:

. _C .
D = 2.22 x 100 (EJ(V)(Ry)(Ry)

.Where:
C‘ = beta count rate, in net counts per minute
‘E = beta counter efficiency . in counts per disintegration
V = velume . of ofigihal sample, in CC
R, = fraétional chemical yield. for the separation of
yttrium. frem Step D-23.
”2;22 X‘lo6 -= conversion factor from disintegrations per
| | AAminute'to microcuries.
Ry, = frégtional chemical yiéld for the separatioen.of

stnentium given in Method RC—S.

2. Calculate the decay correction for yttrium-90 as

follows: "
-0.693 %
A = Ao
where:
‘A = activity at time sample 1s counted for yttrium.
Ao = activity at time of separation of yttrium from
strontium from Step D-13. ]
t = elapsed time between counting and separationzef

yttrium frem strontium from Step D-13

T = half-life of yttrium, in same unit as ¢. o
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E°

- CALCULATIONS (Cont'd)

3. Calculate the activity of strontium-90 frem. the growth

and separation of'yttrium—90 at the beginning of the decay

period of strontium-90 as follows:

on = A( 1 ] )
A 1 - --093 &
T
where:
Ay = Sr-90 activity at the beginning of the decay

-period of Sr-90. .
A = Ygo:activity at the time yttrium'is separated
‘ from Sr-90 from Steb}D—lB
: tp = Sr-90 decay period as determined in Step D-13 in
| “same unit as T. . |

T = half-life of $7-90.
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.IRON - 59
Method No. RC-T7

SUMMARY OF.-METHOD

Radioiren.is isolated in Method RC-10 Step D-10 and eluted

from the anioen resin column in Step D-2 of thié method. This

is followed with:ah acid sulfide scavenge which removes such
cation activities as copper. - The iron is finally extracted
intQ isopréphyl ether from a hydrochloricvacid solution; bagk
extracted into water, precipitated'as‘the hydroxide and ignited

to form Fe2Q3 for radio-assay.

APPARATUS
1. Normal laboratory glassware is required for this work.
2. - Desilccator - The deslccator must hold four crucibles

similar -to Fisher No. 8-615.

3. . Analytical Balance - It should be capable to weigh to

the nearest 0.1 mg.

4, Gamma-Ray Spectrometer - A sodium jodide scintillation

detector assembly connected to the appropriate amplifier and

pulse height analyzer.

5.° Centrifuge - A clinical centrifuge shall be used. The

head should accomodate 50.ml centrifuge tubes.
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B.

. APPARATUS (Cont'd)

6. The following additional supplies are needed:
;a) 50 ml centrifuge tube
~b) 125 ml separatory funnel

'c¢) Porcelain crucibles

REAGENTS AND MATERTALS

1. Reagent gréde chemicals shall be used to prepare reagents.

Unless otherwise indicated, all reagents shall conform to the
specificatiens of the Committee of Analytical Reagents of the
American Chemical Society. Other reagents may be used, pro-

vided they are of sufficient purity to give the same accuracy.

2.  - Purity of Water -.Ail‘wéter used. in preparing the reagent

" and in diluting the samples shall be demineralized water and

conform to the specification for Réégent Water (ASTM Designa-

“tion D1193).

3. (1-19) HYdrochloric Acid - Mix one volume concentrated

hydrochloric acid (HC1l) and 19 volumes of water.

4, Copper Carrier (10 mg/ml) - Refer to Section II on

standardization of carriers.
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C.

- IRON -.59

REAGENTS AND MATERIALS (Cont'd)

5. .Iron carrier (10 mg/ml) - Carrier has been.added in

Méthod RC-10-Step D-1.

6. 0.5N Hydrochloric Acid - Measure 41.5 of concentrated

hydrochleric acid and dilute to 1l-liter with water.

2

7. Hydrogen Sulfide - One laberatory size cylinder of H_S.

)

8. - Tartaric Acid (saturated solution) - Disselve 21 gms of

tartaric acid in 100 ml of water.

NOTE: Excess solids should be present

. 9. . 6N Ammonium Hydroxide - Measure 305'ml of cencentrated

ammonium hydroxide (NHMOH) and dilute to l-liter with water.

'10. 712.1N'Hydrochloric Acid - Concentrated hydrochloric acid

(HCl).'

11. 15.7N.Nitric Acid - Concentrated hitric acid (HNO ) .

12. 6N Hydrochloric Acid - -Measure 250.ml of concentrated

hydrochleric acid and mix with-250 ml of water.

13. . Cobalt carrier (10 mg/ml). - Refer to Section II on

standardization.of cgrriers.

14. is@prophyl Ether

15. 14,8N,Ammonium Hydroxide - Concentrated ammenium hydrexide.
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IRON - 59
D. PROCEDURE

1. Place a 50 ml centrifuge cone under the column used in

Procedure RC-10.

2. Elute the iron with 10 ml of (1-19) hydrochloric acid

HC1l from Step D-10.1n Procedure RC-10.

3. To the eluate add 10 drops of copper carrler and add

0.5N hydrochloric acid to bring final volume to 20 ml.

4. Saturate with hydrogen sulfide (H,S) for 1 minute.
NOTE: Place a small bore glass tubing in the
solution and bubble the HoS through the

solution.

5. . Centrifuge for two minutes and discard the precipitate

to the radioactive waste.

6. Add 2 ml saturated tartaric acid (HgC,0g) solution and
-make basic with 6N -ammonium hydroxide (NHuOH) and repeat
step D-4. |

NOTE: Bring the pH to 8 with NH)OH (use pH paper).

o T. Centrifugé.fOP two minutes and discard the supernate

to radioactive waste.

8.  Wash the precipitate with 10 ml of water and repeat

Step D-7.
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D. ' PROCEDURE (Cont'd)

9., - Dissolve the precipitate in 2 ml of concentrated hydre -
chloric acid (HC1l) plus 4 drops of concentrated nitric acid

(HN03)~and boil to near dryness.

10.  Bring the volume to 15 ml with 6N hydrochloric acid
(HCl) and add 3 drops of cobalt carrier and transfer the solu-
tion to-a 125 ml separatory funnel.
11, Add 15 ml of iselprophyl ether and shake for 1 minufe.
CAUTION:‘ Take éaré to open the stopcock of the separatory

funnel during.-extraction steps to relleve excess pressure.
12. Repeat Step D-11.

13. ~Combine the greenish-yellow ether layers and wash once

with 15 ml of 6N hydrochloric acid (HC1).
14, Back extract the iron with two 10 ml portions of water.

15. Transfer the two 10 ml extract portions into a tared
porcelain crucible and add concentrated ammonilum hydroxide

" (NH,0H) until brown (Fe(OH)3) precipitates.

—_—

16.. Evaporate to dryness under an infra-red lamp.
17. Ignite in a muffle furnace at 700° C for 15 minutes.

18. Cool 1n a desiccator and weigh the crucible and pre-
cipitate (Fe203) on an analytical balance to the nearest 0.1 mg.
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D. PROCEDURE (Cont'd)

19. Subtract the tare weight of the crucible to obtain

the weight of the precipitate
20. Mount the precipitate on a suitable holder.

21. With a‘gamma—ray spectrometer, radicassay the precipitate.

E. . CALCULATIONS

"The iron activity characteristics are as follows:

‘ Gamma-Ray
. Half-Life : Energy, Mev.
Iron-59 3 145 days ‘ 1.289 W%g
' - . : . o _ S 1.097 (54%

1. Determine the disintegration rate for Iron-59 by

determining area under the 1.097 Mev. photopeak.
Ve

2. ‘The disintegration rate of Iron-59 is calculated using
the equation:

dpm-ml = C
S (v) (E) (Fy)
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E.

CALCULATIONS “(Cont'd)

where:

C

Counts per minute for Fe-59, corrected for
background counter and extrapolated back to

sampling~time.

CouhtingAeffiqiency

NOTE: .ThiS'factor should include the
‘fractional abundance of the
gamma—ray.and the photopeak

detection efficiency.

Fractional chemical yield for separation. (See
Method RC-10 Step D-1 for original concentration

of iron carrier added).

Volume of sample in ml .
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CHROMIUM-51

Method No. .RC-8

SUMMARY OF METHOD

Chromium is oxidized to chromate, scavenged with .iron hy-

droxide (Fe(OH) to remove impurities then precipitated as

3)
BaCrOa.

APPARATUS
1. Normal laboratory glassware is required for this work.

2. Glaés Fiber Filter - 1 inch diameter x 0.01 inches thick

should be used. Any similar filter will be suitable provided
it retainslfihe precipitates adequately and maintains constant

welght to + 0.0l mg during filtration .and drying.

3. Filter Holder - The filter holder must hold the 1 inch

filters rigidly in place durihg filtration.

L. Desiccator - The desiccator must hold four 1 inch diameter

filters simlilar to Fisher No. 8-615.

5. Oven - Oven should be gravity convection type and be able

to supply uniform heat at -110° C to a + 0.5° C. (Fisher No.

'31-244-1 or equivalent).

6. AAnaiytical Balance - It should be capable to weigh to

the nearest 0.1 mg.
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f CHROMIUM-51
(Cont'd)

B. APPARATUS

7. _Gamma—Ray Spectrometer - A sodium. iodide scintillation

detector assembly connected to the appropriaté.amplifier

and pulse height anélyzer.

8. Centrifuge - A clinical centrifuge shall be used. The

head should accomodate 50 ml centrifuge tubes.

9. The followithadditional supplies are needed:
a. 50 ml centrifuge tubes

b. 250 ml beaker

C. REAGENTS AND MATERIALS

1. Reagent grade chemicals shall be used to prepare rea-
gents. Unless otherﬁise indicéted, all reagents shall con-
form to the specifications of ‘the Qommittee‘on AnalYtical
Reagents of the American Chemical Society. Other reagents
may- be used, provided they are of sufficient purity to giwve

the same accuracy.

2. Purity of Water - All water used in'preparing<the rea-
gents and .in diluting the samples shall be demineralized
water -and conform to the specification for Reagent Water

(ASTM Designation D 1193).

.3. Chromium Carrier (10 mg/ml) - See section II on stan-
( .

dardization of carriers. :
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CHROMIUM-51

C. .REAGENTS AND MATERIALS (Cont'd)

4, Barium Nitrate (saturated solution) - Dissolve ‘10 grams

barium nitrate Ba(NO3)2 in 100 ml water.

NOTE: Excess s0lid should be present.

5. .1M Ammonium Acetate - Dissolve 7.7 grams of ammonium

acetate in 100 ml of water.

6. Iron Carrier (10 mg/th - See Section II on standardiza-

tion of cafrier.

7. 3N Potassium Hydroxide - Dissolve 88 grams in 500 ml of

water.

8. Phenolphthalein - Dissolve 1 gram of phenolphthalein 1in

50 ml of aicohol and add 50 -ml of water.

9. Potassium Bromate (KBrO3)rSolid crystals.

10. .12.1N Hydrochloric Acid - Concentrated hydrochleric

acid (HC1).
D. PROCEDURE

1. Add 2 ml chromium and iren carrier to the sample to be

analyzed for chromium-51.

2. Add.1 or 2 drops of phenolphthalein solution.
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Do

PROCEDURE (Cont'd)

3. .Add potassium hydroxide (KOH) to the phenolphthalein

-end -point and heat to coagulate the precipltate for 1 or

2 minutes.

4., Allow to settle briefly for 5 to 10 minutes and decant .

most of ‘the-supernatant liquid to radioactive waste.

5. Transfer the solution containing the precipitate to“a
50 mllcentrifuge tube -and centrifuge"for 2 mihutes and dis-

card supernate to radioactive waste.

6. Dissolve the precipitate with 4-6.drops of concentrated

hydrochloric acid (HC1) (12.1N).

7. .Add 15 ml iof water and approximately 0.1 gram potassium

' bromate'(KBros) crystals.

8. Place the centrifuge tube .into a beaker of boiling water.
.Boil for approximately 10 minutes to oxidize chromium to chro-

‘mate.

9. Repeat steps D-2 and D- 3 and centrifuge for 2 minutes

and discard supernate to radioactive waste

10. .Add 4 ml saturated barium nitrate Ba(NO3), and 4 ml of

1M ammonium acetate.
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D.

PROCEDURE (Cont 'd)

'11. Centrifuge for 2 minutes and discard supernate to

"radiocactive waste.

.NOTE&' The precipitate fdrmed is barium chromate BaCrOj.

"12. Dissolve the BaCrO) in approximately 6 drops.of con-

centrated hydrochloric acid HC1l plus 10 ml water, dilute
to 30 ml and reprecipitate with 5 ml ammonium acetate and

5 ml barium nitrate.

13. Filter with suction the precipitate onte a weighed

‘glass fiber filter placed in the filter holder.

14. Rinse the centrifuge tube with ethyl alcohol and

‘pour the finsings through the filter.

15. Wash the precipitate with approximately 10 ml ethyl

alcohol and 10 ml of diethyl ether.

16. Place the filter containing the precipitate in an
oven and dry at 110°C for 10-15 minutes. Cool in a

desiccator for 10-15 minutes.

17. Weigh the filter and precipitate on an analytical

balance to the nearest 0.1 mg.

'18. Subtract the tare weight of the filter to obtain the

weight of the precipitate.
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b,

PROCEDURE (Cont'd)

19. Mount the filter on .a suitable holder.
NOTE: .Suitable holders are described by Overman and  Clark

in "Radioisotope Technique'", McGraw-Hill 1960.

20. With a gamma-ray spectrometer, radloassay the preci-

plitate.

 CALCULATIONS

The .chromium activity is primarily composed of 27.8 day

half-1ife chromium-51.

‘1. Determine the disintegration rate by determining area

under the 0.32 Mev photopeak for Cr-51.

2. Plot‘a“decay curve on semilog papef of the-corrected

counters per minute versus time. | |

NOTE}  AAdeday curve should be takeﬁ over 'a period of 2—:
3‘weéks (sample should be counted at a minimum of
2 times a week over a period of 2-3 weeks) and

'fextrapblated:back to sampling time.

.3. The disintegration rate of chromium-51 is calculated

uslng the equaﬁion:

.
dpmeml = Yy (ET ()
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CHROMIUM-51

E. CALCULATIONS (Cont'd)
- where:
C = counts per minute, cbrrecfed for background counts and
extrappiated.back to sampling time.
| E = Counting efficienqy; |
A Fy = Fractional chemicai yieid for-the-sepgration.

V = Volume o6f:sample in ml.
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~ SODIUM-24

Method No. :RC-9

SUMMARY OF METHOD

Sodium is separated as the chloride after scavenging the,:

solution with strontium, lanthanum and iron carriers. .

APPARATUS

1. Normal laboratory glassware 1is requlired for this work.

2, .@lass Fiber Filter - 1 inch diameter x 0.01 inches

thick should be used. Any similar filter will be -sultable
provided it retains fine precilpitates adequately and maln-
tains constant weight to + 0.01 mg during filtratilon -and

drylng.

3. Fllter Holder - The filter holder must hold the 1 inch

filters rigidly in place during-filtration.

4, Desiccétor - The desiccator must hold four 1 inch

diameter filters similar to Fisher No. 8-615.

5. Oven - Oven should be gravity convectidn type»and be

able to supply uniform heat at 110° C to a.+ 0.5° C.

(Fisher No. 13-244-1 or equivalent).

6. Analytical Balance - It should be capable to weigh to

the .nearest 0.1 mg.
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SODIUM-24

B.

APPARATUS (Cont*d)

7. Gémma-Rav Spectrometer - A sodium iodide scintillation

detector assembly connected to the appropriate amplifier

and pulse height analyzer.

8. Centrifuge - A clinical centrifuge shall ‘be used. .The.

head should accommodate 50 ml centrifuge tubes.

9. .The following additional supplies~are'néeded:
a. 250 ml beaker |
b. .Hot plate
¢.. 50 ml centrifuge tubes

d. 125 ml Erlenmeyer flask

'REAGENTS AND MATERIALS

1. . Reagent grade chemicals shall be -used to prepare rea-

gents. .Unless otherwise indicated, all reagents shall

conform to the specifications of the Committee of Analytical

Reagents of the American Chemlcal Soclety. Other reagents

‘may be used, provided they are .of sufficlent purity to

give the same -accuracy.

2. :Purity of Water'- All water used in preparing~the rea- -

gentseand_in diluting the samples shall be demineralized

water and conform to the specification for Reagent Water

" (ASTM Designation D 1193).

-221-




{

SODIUM-24

C.

REAGENTS AND MATERIALS (Cont'd)

3. Sodium Carrier (10-mg/ml) - Refer to Section II on stand-

-ardization of carriers.

b, Strontium Carrier (10 mg/ml) - -Refer to Section II on

standardization of carriers.

5. Lanthanum Carrier (10 mg/ml) - 'Refer to Sectlon II on

standardization of carriers.

6. Iron Carrier (10 mg/ml) - Refer to Section II on stand-

-.ardization of éarriers.

7. Saturated Ammonium Carbonate Solution - Dissolve 35 grams

(NH&)2C03'- Hy0 in 100 ml water.

'NOTE: . Excess solids should be.present.'-d“

8. (12.1N) Hydrochloric Acid - Concentrated hydrochloric
acid (HC1). ‘

9. Ether

. PROCEDURE

1. Add .sample to be.analyzed for sodium to a 250 ml beaker.

2. Add 2 ml sodium carrier to the coolant sample and eva-

porate.on a hot plate to about 25 ml.
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SODIUM-24

D. PROCEDURE (Cont'd)

~

3. Transfer to a 50 ml centrifuge tube -and add 5 drops-

each of strontium, lanthanum and iron carriers.

L, Add'aAsaturated.ammonium-carbonate-solution'dropwise

until no more iron hydroxide forms.

NOTE: This iron hydroxide when formed will be a brown

gelatinous precipitate.

5. Centrifuge for two minutes and transfer the -supernate

toia 125 ml Erlenmeyer flask.

6. Add 2 ml concentrated hydrochloric acid (HC1l) and

evéporate to dryness using -a hot plate.

7. Dissolve the residue with 2 ml of water and using -10
ml of concentrated hydrochloric acid (HCl), transfer the

dissolVed solutlion to a 50 ml centrifuge tube.

8. Cool the centrifuge -in an ice bath and with vigorous
stirring :add 10 ml ether. Continue to stir for 1-2 min-

utes.

9. Centrifuge~fof 2 minutes and discard the supernate

to radioactive waste.

'100- Dissolve the white precipitate -in 2 ml of water and

add 10 ml of cohcentrated‘hydrochloric acid (HCL).
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SODIUM-24

Do

PROCEDURE (Cont'd)

4

11. Repeat step D-8.

12. Filter with suction the preéecipitate onto a welighed

glass fiber filter placed in the filter holder.

13. Rinse the centrifuge tube with ethyl alcohol and

pour the rinsings through the filter.

14. Wash the precipitate with approximately 10 ml ethyl

alcohol and 10 ml of diethyl ether.

15. .Place the filter containing the precipitate in an
oven and dry at 110° C for 10-15 minutes. Cool in.a desic-

cator for 10-15 minutes.

16. 2Weigh the filter and precipitate on an analytical

balance to the nearest 0.1 mg.

17. Subtract the tare weight of the filter to obtain the

weight of the precipitate.

18. Mount the filter on a -sultable holder.

'NOTE: Sultable holders are described by Overman and Clark

in "Radiolsotope Techniques'", McGraw-Hill, 1960.

19. With a gamma-ray spectrometer, radioassay the preci-
pitate.
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.SODIUM-24

r E. CALCULATIONS

The sodium activity is primarily composed of 15.0 hour

half-1life sodium-24,

.1. Determine the disintegration rate by determining :.area

under the 2.75 Mev photopeak'forrNa—EM{

2. .Plot a deéay curve on .semilog paper of the corrected
.counts per minute wersus time. |

NOTE: .A decay éurVe‘should be taken-over a period of
several hours (sample'shquld be ceuntediat a mini-
mum of l-time a day over ‘a period of four dayé)

and extrapolated back toe sampling time.

3. .The disintegration rate of sodium-24 1is calculated

using the equation:

_ C
apm-ml = (V) (E) (Fy)

‘where:

o
I

_Countszper'minute, corrected fbr-background counts

and extrapolated back ‘to sampling time.

Counting efficiency.

E =
.Fy = Fractienal chemical yield for the separation.
V =-Volume of sample in-ml.
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COBALT . METHOD

(Cobalt 58 and 60)

Method .Ne. RC-10

SUMMARY OF METHOD

Cobalt 58 and 60 are. separated.from other activities by use

of an ion;exchénge column. The separated cobalt is puri-

-fied .and- precipitated .as potassium cobaltinitrite. . The

separated cobalt is then gamma counted using.a gamma-ray

. 8pectrometer.

APPARATUS

1. . Normal laboratory glassware is required .for this work.
2. Glass Fiber Filter - 1 inch diameter‘x 0.01 inches

thick should be used. Any,similar-filter‘will be suitable
provided it retains fine precipitates'adequately_and-main—

tains constant weight to 10.0l1 mg during.filtration and

-drying.

3. Filter Holder - The filter holder must held. the 1 inch

filters rigidly in place during filtration.
NOTE: Care should be taken te clean the holder thoroughly

between filtrations to prevent creoss-contamination.

4, Desiccator - The desiccator must hold four 1 inch

diameter filters similar to Fisher No. 8-615.

5. -Oven - Oven should be gravity convection type and- be
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COBALT METHOD

(Cobalt 58 and 60)

.B.

APPARATUS (Cont'd)

‘able to supply uniform heat at 110°C to a 10.5°C. (Fisher

No. 13-244-1 or equivalent.)

6. Analytical Balance --It should-be capable to weigh

to the nearest 0.1 mg.

7. Gamma -Ray Spectrometer - A sodium iodide scintillation

.detector assembly connected to the appropriate. amplifier

and pulse height analyzer.

8. Centrifuge - A clinical centrifuge . shall be used. The

head should accommodate 50 ml centrifuge tubes.

9. - Resin Cdlumn.—'Make-out‘of glass tubing or purchase

from Corning Glass Co.

10. - The following additional supplies are needed:
.a. 50 ml centrifuge tubes

"b. 250 ml beakers

REAGENTS AND MATERIALS <

1. Reagent grade chemicals shall be used to prepare. rea-

gents. Unless otherwise indicated, all reagents shall con-
form to the specifications of the Committee of Analytical
Reagents of the American Chemical Society. Other reagents

may be used, provided they are of sufficient purity to give
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. COBALT METHOD

(Cobalt 58 and 60)

,‘C.

REAGENTS AND MATERIALS (Con't)

the same accuracy.

2. Purity of Water - All water used in preparing the

reagents and in diluting the samples shall be demineralized

-water and conform to the specification for Reagent Water

(ASTM Designation.D 1193).

3. (1-2) Acetic Acid - Mix 1 volume of 17.4N glacial

acetic acid with 2fvolumes of water.

4, .14.8N¢Ammonidm Hydroxide - Concentrated ammonium

hydrexide (NHyOH).

5. - Anion. Exchange Resin - 100-to 200 mesh, 4 percent cross-

linked strongly basic resin in chloride form.

6. ' Cobalt Carrier 10 mg/ml - Refer to Section II on stand-

-ardization of carriers.

7. Chromium Carrier 10 mg/ml - Refer to Section II on

.standardization .of carriers.

8. Iron Carrier 10 mg/ml - Refer to Section II on stand-

‘ardization .of carriers.

9. . Manganese Carrier 10 mg/ml - Refer to Section II on

-8tandardization. ef carriers.
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- COBALT- METHOD

(Cobalt 58 and 60)

C.

REAGENTS AND MATERTALS (Cont'd)

10. - Nickel Carrier 10 -mg/ml - Refer to Section II on stand-

rardization of carriers.

11. Zinc Carrier 10 mg/ml - Dissolve 10 gms of zinc in the

minimum quantity. of 2N hydrochloric.acid.and dilute to 1-

-liter with water.

12. 12.1N Hydrochloric Acid - Concentrated hydrochloric

acid (HC1).

13. (1-1) Hydrochloric Acid -'Mix 1 volume of concentrated

hydrochloric acid.-with 1 volume of water.

14, (30 percent) Hydrogen Péroxide‘— Concentrated hydrogen

peroxide (Ho0p).

15. Potassium Hydroxide Solution - Dissolve 165 gms of

. potassium hydroxide KOH in 500 ml of water.

16. Solid Potassium Nitrite KNO» - Crystals should be used.

17. (1-10) Potassium Hydroxide - Mix 1 volume of C-15 solu

tion with:-10 volumes of water.

18. 36.0N Sulfuric Acid - Concentrated.sulfuric acid

(HQSOM) .
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- .COBALT METHOD

(Cobalt 58 and 60)

. PROCEDURE

1. Add to the sample 2 ml each of the following carriers:

cobalt, chromium, iron, manganese, nickel and zinc.

2. -Add.5 ml of concentrated . .sulfuric acid H2804 and digest

on a hot plate. (Digest the solutien to appreximately 5 ml.)

3. .Transfer the solution to a 50 ml centrifuge tube and

dilute with water to approximately 10 ml.

4. Add (1-10) potassium hydroxide solution until precipi-
tation is complete. Then add.2 drops of hydrogen peroxide

Ho002.

5. ~Centrifuge for 2 minutes and discard the supernate to

the radioactive waste.

6. - Wash the precipitate with-water and repeat step D-5.

NOTE: 'Repeat.this step only. once.

7. Dissolve the precipitate in 10 ml of concentrated hydro-

chloric.acid (HC1) and evaporate to near dryness. Allow to

cool .and dissolve the residue in 10 ml of concentrated hydro-

chloric-acid (HC1).

8. Prepare a column about 1 cm in diameter and. 10 cm.long

.of C-5 anion.exchange resin suspended in‘hydrochloric acid

(HC1). - Wash the resin with 50 ml concentratéd hydrochloric
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COBALT. METHOD

(Cobalt -58 and 60)
'D.  PROCEDURE (Cont'd) -

acid (HC1).

NOTE: Do not drain below the top of the resin.

9. Transfer the sample solution (D-7) to the column. and
.elute . with concentrated hydrochloric acid (HCl) until the
blue cobalt band almost reaches the bottom of the resin

column. -

10. -Elute the coebalt of the column by.pouring (1-1) hydro-
chleric acid (HC1l) through the column.and collect the cobalt
in a.50 ml centrifuge tube.
NOTE: . The concentrated hydrochloric acid fraction contains
| maﬁganése, chromium and nickel and may be used.for 
‘the determination. of these.activities. Iron remains
on the column and may be eluted-with. (1-19) hydre-

chloric acid,

11. iEVaporate the cobalt selution .te dryness in the centri-
fuge tube. Add 1 ml.of (1-1) hydrochloric acid.(HC1l) and

. two drops of hydrogen perexide Hy0,.

12. Dilute to 10 ml with water and add concentrated ammenium
‘hydroxide NHyOH until the solution is basic.

NOTE: A.pink-brown color should appear.

13. Add 4 dreps of iron carrier and centrifuge for 2 minutes
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. COBALT METHOD
(Cobalt 58 and 60)

D, . PROCEDURE (Cont'd)

and discard the precipitate to the solid radioactive .waste.
.~ 14. .Repeat step D-13.

15. .Add. two drops of hydrogen peroxide Ho0o to the selution

-and- warm.

16. Add (1-10) potassium hydrexide KOH solution dropwise
to the solution until a precipitate forms. Placé the cen-

trifuge tube in.a.water bath and boil.

17. Cool and centrifuge for twe minutes and discard.the

supernate te the radioactive waste.

CAUTION.NOTE: Carefully retain precipitate. -

18. . Wash the precipitate with (1-10) potassium -hydroxide

'KOH .solution and discard.the washings to waste.

- 19. .Dissolve the precipitate in 5. ml of (1-2) acetic acid
:~ahd dilute‘with~water to 10 mliand add 0.5 gm.of potassium -
_nitrite KNO,. | |

20. fHeaf the mixturé to near boiling, and cool in ahn ice
bath for about 15 minutes.

' 21. .Filter with suction the precipitate ,onto a weighed

glass fiber filter placed in the filter holder.
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COBALT- METHOD

(Cobalt 58 and 60)

- D,

. PROCEDURE (Cont 'd)

22. Rinse the centrifuge tube with.ethyl alcohol and pour

the rinsings through the filter.

- 23. 'Wash the precipitate with.approximately 10 ml ethyl

alcéhol and 10 ml of diethyl ether.

24, Place the filter contalning the precipltate in an oven
and dry at llO C for 10 -15- mlnutes ' Cool in a de51ccator

for 10-15 minutes.

25. Weigh the filter and precipitate on an-analytical

balance to the nearest 0.1 mg.

i

,26. Subtract the tare welght of the filter to obtaln the

*.weight of the pre01p1tate

27 Mount the filter on a Sultable h@lder

t'uNOTE Sultable holders are described by Overman and Clark

in “Radlolsotope Techniques' ; McGraw-H1ll, 1960.

28. With a gamma-ray spectremeter, %adiéassay the precipi-

tate.

CALCULATIONS

‘The cobalt activity characteristics are as follows:
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- COBALT. METHOD

‘(Cobalt- 58 and. 60)

Gamma -Ray

Isotope Half-life ‘ - Energy, . Mev
Cobalt-58 71 days _ 0.808 (100%)
Cobalt-A0 5.27 years K 1.17 1oo¢;
1.33 (100%
1. .Determine the disintegration rate for cobalt-58 by

. determining area under the 0.808 Mev photepeak.

2.. Determine the disintegration rate for cobalt-60- by

© . determining area under the 1.33 Mev photOpeak;

3. . The disintegration rate of cobalt-58 and 60 is calcu-

lated using the equation:

c
dom=ml = Tv) (E) (Fy)

where:

C counts :per minute for cebalt-58 and 60 each, corrected
for background counts -and extrapolated back to sampling

time

E = counting efficiency
NOTE: This factor should include the fractional
abundance of the gamma . ray. and the photopeak

detection.efficiency.
F.. = fractional chemical yield for the separation

.V = .volume of sample in ml.
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NICKEL METHOD

(Nickel 57 and 65)
Method No. RC-11

SUMMARY OF -METHOD

Radionickel 1s separated in Method RC-10 Step D-9 using an
anion resin column. .This 1s then followed by concentrating
the nickel by precipitation with potassium hydroxide. Scav-
enging .is carried out with.iron hydroxide (Fe(OH)3) in presence
of'excess ammonium hydroxide (NHMOH). The nickel is finally

* precipitated .as nickel dimethylglyoxime.

CAPPARATUS
1. Normal labdratory glassware is required for -this werk.
2. .@Glass Fiber Filter - 1 inch diameter x 0.0l inches thick

should be used. .Any similarxfilter:will be suitable provided
it retains fine precipitates'adequatelyfand<maintains constant

weight to + 0.01 mg during filtration and .drying.

3. - Filter Holder - The filter holder must hold .the 1 inch

filters rigidly in place during filtration.
NOTE: = Care should be taken to clean the. holder
thbroughly'between filtrations to prevent -

cross-contamination.

4, Desiccator - The desiccator should -hold 1 inch diameter

‘filters similar to Fisher No. 8-615.

H
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NICKEL, - 57 AND 65

“B. .APPARATUS (Cont'd)

<5} .Analytical Balance - It should be capadiefto weigh to ‘the

nearest 0.1 mg.

6. Oven - Oven should be gravity convection .type and be able
to .supply uniform heat at 110°C to a + 0.5° C. (Fisher No. 13:=

244-1 or equivalent).

7. .Gamma -Ray Spectrometer - A sodium .iodide .scintillation de- _
tector assembly.donnected to the appropriate amplifier'and‘

pulse height analyzer.

8. . Centrifuge - A clinical centrifuge shall be used. The head

-.should .accommodate 50 ml centrifuge tubes. .

9. . The following additional supplies &% neéded.
a) 250 ml beaker
'b) Hot plate

¢) 50 ml centrifuge tubes

C. REAGENTS AND MATERIALS - . - |

1. Purity of Reagents - Reagent grade-chemicals;shall be used

to prepare reagents. .Unless qtherwﬁse indicated, all reagents

- shall conféﬁm,to the specification .of the Committee of Analytical
Reagentsréf'tﬁe American Chemical Society. Other'reagentsimay

be used, provided they are of sufficient purity.to give tﬁe

‘same ‘accuracy.
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NICKEL - 57 AND 65

C.

REAGENTS AND MATERIALS (Cont'd)

2. Purity of Water - All water -used in preparing the reagents

‘and in diluting the samples'shall be demineralized.watef and

conform to the Specification for Reagent Water (ASTM Designa—

tion D1193).

3. Nickel Carrier (10mg/ml) - Refer to Section -II on standardi -

zation of carriers.

4.,  Cobalt Carrier (10 mg/ml) - Refer to Section II on standardi-

zation of carriers.

5. Iron Carrier ( 10 mg/ml) - Refer to Section II on standardi-

zation of carriers.

6,. IN;PotaSsium Hydroxide —bDisslee-59 éms‘Of potassium hy-

droxide in water and dilute to 1 liter with water.

7. ”.Phenblphthalein Indicator - Disselve 1 gm of phenolphthalein

in 50 ml of alcohol and add 50 ml of water.

-8, 6N Hydrochldric~Acid -~ Mix 1 volume-df ¢ohcentrated hydrb—

3'dhloric:acid?with 1 volume of water.

9. .14.8N.Ammonium Hydroxide - Concentrated ammonium hydroxide

(NHy0H) .
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NICKEL - 57 AND 65

C.

REAGENTS AND MATERTALS (Cont'd)

10. 10% Sodium Citrate Solution - Dissolve 10 gms of sedium

citrate in 90 ml of water.

11. 1% Dimethylglyoxime Reagent - This solution can be pur-

chased from,Fisher Chemical Co. Cat. No. SO-D-52.

"PROCEDURE .

1. Transfer the eluate from Method RC-10 Stép-D—9Jto a 250 ml

beaker.

2. Add 8 dreps of iron carrier and 1-2 drops of phenolphthaieih.

3. Add dropwise pottasium hydroxide until a pink color'appears.
4, Warm to coagulate the precipitate.
5. Cool and allow precipitate to'settle and decant the clear

supernate to the radieactive waste. Slurry the precipitate into

a 50 ml centrifuge tube.

'6M, . Centrifuge for two minutes and discard the supernate to

the radicactive waste.

i

T. Dissolve the precipitate in 1 ml of 6N hydrochloric acid

{HC1) and dilute to 20 ml with water.

8. Heat and add dropwise concentrated ammenium hydroxide until
iren is precipitated (brown precipitate appears) and add 1 ml
in excess of ammenium hydroxide to dissolve hickgl as the ammenia

complex.
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NICKEL - 57 AND 65

D. PROCEDURE (Cont'd)

9. Centrifuge for two minutes and transfer'supernate to a
clean centrifuge tube. Discard the precipitate to'the radie-

-active waste.
10. Acidify the'supernate with concentrated hydrochloric acid.

11.  Add approximately 8 drops of iron‘carrier and repeat

‘Steps D-8 and D-9.

12. To the supernate add 10 ml of 10% sedium citrate and 10

drops of cobaltccarrier.
13. .Add- 15 ml dimethylglyoxime reagent.
14, - Repeat Step D-6.

4 3115. Wash prec1pitate with’ 30 ml of water containing a drep of

concentrated ‘ammonium hydrox1de NHMOH and - repeat Step D-14,

.16, . Dlssolve the nickel dlmethylglyoxime precipitate in 2 ml
concentrated hydroxhlorlc acid-and dllute to 15 ml with water
n,NQTE. Disregard any dimethylglyox1me Wthh

" pre01p1tates at .this stage.

17. Add 10 ml of 10% sodium gitrate, 2 drops of cobalt carrier

and 5 ml dimethylglyoxime reagent.
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NICKEL - 57 AND 65

D.

PROCEDURE (Cont'd)

18. Precipitate nickel dimethylglyoxime by dropwise‘adding

.concentrated ammonium hydroxide.

"19. Repeat Steps D-14 and D-15.

20. Repeat Steps D-16, D-17 and-D-18.

21l. Filter with suction the precipitate entova weighed glass

fiber filter placed in the filter holder.

22. Rinse the centrifuge tube with water and peur the rinsings

thr@ugh the fillter.

23. Wash“the'precipitate with'approximately 10-ml of water.

- 2&. Place the filter containing the prec1p1tate in an oven

and dry at 11000 for 15 minutes.  Cool in-a desiccator for 10-

V-15~m1nutes.

25. Weigh the filter and precipitate on an analytical balance

te the nearest 0.1 mg.

26. Subtract the tare weight of the filter to ebtain the weight

.0of the precipitate.

27. .Mount the filter on a suitible holder.
28. With a gamma-ray spectrometer, radioaseay the precipitate.
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NICKEL - 57 AND 65

E.

CALCULATIONS

The nickel activity characteristics are as follows:

Half-Lite Gamma Ray
‘ Energy, Mev.
"Nickel-57 36 hr 1.38 (72%
' 1.75 §1u%
1.92 (14%)
Nickel-65 2.56 hr 1.48 ézg%g
1.14 (14%
1. Determihe the disintegration rate for Nickel-57 by de-
termining area under the 1.38 Mev photopeak.

2. Determine the disintegration rate for nickel-65 by de-

termining the area under the 1.48 Mev. photopeak.

3. The disintegration rate of Nickel-57 and 65 is calculated

using the equation:

dpm-ml = C
TNy (E) (Fy)

where:

C = counts per minute for Nickel-57 and 65 each, corrected

for background counts and extrapolated back to sampling time.
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‘NICKEL - 57 AND 65

'E. CALCULATIONS (Cont'd)

'E = Counting efficiency
NOTE: This factor should include the fréctional
abundance of the gamma. ray and the photo-
peak detection efficiency.
Fy = Fractional chemical yield. for the separation (29.4

mg nickel dimethylglyoxime per 10 mg nickel),
V = Volume of sample in ml.

4, Plot a decay curve on semilog paper of the corrected

counts per minute vs time.

NOTE: A decay cﬁrve should be taken over a period eof several
hours (Nickel—57 shogld be followed for a week,‘counting
at a minimum of 1 time a day and Nickel-65 should be
counted at a minimum of every 2 hours over a period.of

24 hours) and extrapolated back to sampling time.
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COPPER METHOD

(Copper - 64)
Method No..RC-12

SUMMARY OF METHOD

Copper:is separated from other activities by precipitating
as copper sulfide or by an ion-exchange column<technique.
.The separated copper is then gamma counted using a gamma-

ray spectrometer.
_APPARATUS
1. Normal laboratory glassware .is required for this work.

2. (@lass Fiber ‘Filter - 1 inch diameter x 0.0l inches thick

should be used. Any similar filter will be suitable pro-
vided it retains fine precipitates adequately and.maintains

constant weight to +0.0l1 mg during filtration .and drying.

3. Filter Holder - The filter holder must hold the 1 inch

filters rigidly in place during filtration.
NOTE: Care should be taken to clean thelholder-thoroughly'

between filtrations to prevent cross-contamination.

4, .Desiccator - The desiccator must hold four 1 inch dia-

meter filters similar to Fisher No. 8-615.

5. Oven - Oven should be gravity convection tYpe and be
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COPPER METHOD

B. .APPARATUS (Cont'd)

able to supply uniform heat at 110° C ‘to a + 0.5° C.

(Fisher No. 13-244-1 or equivalent.)

6.‘.Analytical Balance - It should be capable to weigh™ to

the nearest 0.1 mg.

7. Gamma-Ray Spectrometer - A sodium iodide scintillation

detector assembly connected to the appropriate amplifier

and pulse height analyzer.

8. Centrifuge - A clinical centrifuge shall be used. . The

head should accommodate 50 ml centrifuge tubes.

9. Resin Column - Make out of glass tublng or purchase

from Corning Glass Co.

10. The following additional supplies are needed:
| a. 50 ml centrifuge tubes

b. 250 ml beakers

C. REAGENTS AND MATERTIALS

1. Reagent grade chemicals shall be used to prepare rea-
gents. Unless otherwise ‘indicated, all feagents Shall
conform toAthe~spécifications.of the Committee .of Analy-

tical Reagents of the American Chemical Society. Other
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COPPER METHOD

4C.a

REAGENTS AND MATERIALS (Cont'd)

reagents ‘may be -used, provided they are of sufficient

purity to give the -same accuracy.

2. .Purity.of-Water ¥~A11 water used in preparing -the rea-

gents and in diluting the sampleé‘shall be demineralized

water and conform to the specification for;Reagent Water

(ASTM Designation D 1193).

3. .Copper. Carrier 10 mg/ml - Refer to Section II on stan-

dardization of carriers.

4. Manganese Carrier 10 mg/ml - Refer to Section ITI on

standardization of carriers.

'5. rNickel Carrier 10 mg/ml - Refer to -Section .II on stan-

dardization of carriers.

\

-6. 4Chromium Carrier 10 mg/ml —%Refer<to~Section-II on

standardization of carriers.

7. .Cobalt Carrier 10‘mg/ml - Refer -to Section II on stan-

dardization of carriers. -

8. .Iron Carrier 10 mg/ml - .Refer -to:Section II on stan-

dardization of carriers.
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COPPER METHOD

\

o

~

REAGENTS AND MATERIALS (Cont'd)

. 9. Zinc Carrier 10 mg/ml - Dissolve 10 grams of zinccin

the minimum quantity of 2N hydrochloric acid (HC1l) and
\

dilute to l-liter with water.

10. Arsenic Carrier (10 mg /ml ) —-Dissolve-lS(gfams of

arsenic oxide ASEO3 in 50 ml of 9N hydrochloric acid and
dilute to 1l-liter with water.

NOTE: Store in a polyethylene bottle.

11. Antimony Carrier (10 mg/ml) - Dissolve 27 grams of

anhydrous potassium antimonyl tartrate -in 200 ml of (1-2)

hydrochloric acid (HCl) and dilute to l-liter with water.

.NOTE: Store in.a polyethylene bottle.

12. -12.1N Hydrochloric Acid - Concentrated hy&rothoric
acid (HC1).

3 13,' 15,7N'Nitric Acid - Concentrated Hitric.acid (HNOs).

14, Bromine - -This solution can be‘pﬁréhésed'ffom;Fisher

 fCat!,NQ;1B;385._

15. Hydrogen .Sulfide (H,.S) - Can be purchased from Fisher

as lecture size cylinders, Cat. No..10-599-L.
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COPPER METHOD

C. REAGENTS AND MATERIALS

16. 2M:Sodium Hydroxide - Dissolve 40 grams sodium hy-

droxide in 500 ml of water. (Place in -water bath during

this operation.)

NOTE: Store in polyethylene bottle.

.17. 6M Hydrochloric Acid - Measure 500 ml of concentrated

hydrochloric acid and dilute to 1l-liter with water.

18. Ion Exchange Resin - Dowex -1l - 4 percent cross-linked

- 200 + 500 mesh.

19. 14.8N Ammonium Hydroxide. - Concentrated ammonium hy-

droxide (NHyOH).

20. - 2 Percent - Benzoin Oxime - Dissolve 2 grams of Yen-

zoin oxime in 98 ml of ethanol.
D. PROCEDURE

1. Add to the sample 2 ml each of the followlng carriers -
copper, manganese, nickel, chromium, cobalt, iron, zinc,

arsenic and antimony.

2. Add 5 ml of concentrated hydrochloric acid and heat to

boiling on a hot plate.
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- COPPER METHOD

D. PROCEDURE (Cont'd)

3. Boil for two minutes after adding -l drop concentrated

nitirc acid (HNO3) and 5 drops of bromine.

4. Cool and bubble hydrogen sulfide (HoS) through the so-

1lution until a black precipitate is formed.

5. .Stir vigorously and allow to stand for 5 minutes.

6. Centrifuge for 2 minutes and discard the supernate to

the radioactive waste.

7. Add 5 ml.2M sodium hydroxide (NaOH) and boil for 'l or

2 minutes to digest precipitate.

8. .Repeat step D-6.

9. Wash precipitate with water and repeat step D-6.

NOTE: .Copper sulfide is the precipitate'at this peint.

If.no cobalt or'other activities can be identififed by

using a Gamma-ray spectrometer proceed to step D-21.

If activities are detected proceed to step D-10. -

.10, .Dissolve the precipitate in a few drops of concen-

trated nitric acid (HNOB) and evaporate to dfyness.

11. Add 1 ml concentrated hydrochloric acid (HCl)and

evaporate to drynesé°
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COPPER METHOD

,Da

'PROCEDURE (Cont'd)

12. Dissolve the residue in 6M hydrechloric acid (HC1l) -
and centrifuge for 1 to 2 minutes and discard and preci-

pitate.

.13, .Bubble hydrogen sulfide (HES) through-the so1dtion

until a black precipitate is formed.

14, ‘Répeatlstep,B—6.

15. .Diséolve the precipitate in a few drops of concentra-

ted nitric acid and add 1 ml of cobalt carrier.

16. Evaporate to dryness, and add 2 ml concentrated hy-

drochloric adid (HCl1) and again evaporate to dryness.

17. ‘Dissolve the residue in concentrated hydrochloric

acid (HC1l) and transfer to a Dowex 1 column.
NOTE : Célumn.approximaﬁely Tmm X :15 cms, 4%_cross—linked
- 200 + 500 mésh previously washed with concentrated hy-

drochloric acid (HC1).

18, Elute the copper from the column by washing the con-

centrated hydrochloricracid until yellow copper band 1s

eluted from the column.

.19. Evaporate the eluate to dryness and dissplve the re-

sidue in 5 ml of 2M hydrochleric acid (HCl»aftErdissolving the
residue add concentrated4ammonium.hydroxide untilAthe solution

is deep blue. L
-249-



COPPER METHOD

D. PROCEDURE (Cont'd)

20. .Heat to about 80° C and add 3 ml of 2% - benzoin

6xime solution.

21. . Pilter with suction the precipitate .onto .a:weighéd’

glass fiber filter placed in the filter holder.

'22. .Rinse the beaker with water -and pour the rinsings

threugh the filter.

.23. Wash the precipitate with approximately 5 ml water

and two 5 'ml portions Qf het ethyl alcohel.

.24, Place the filter containing the'preeipitate in .an
oven and dry at 110° ¢ for 10-15 minutes. Cool in.a

desiccator for 10-15 minutes.

25. Weigh the filter and precipitate on .an .analytical

balance to the nearest 0.1 mg.

26. Subtract the tare weight of the filter to ebtain the

weight of the precipitate°
27. Mount the filter én a suitable holder.

28. With a gamma-ray spectrometer, radioassay the preci-

pitate.
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COPPER METHOD

E:-

:'jusingfth¢ equation:'

c

CALCULATIONS

The copper activity -is primarily cemposed of 12.8 hour

. half-life copper-6L4.

1. . Determine the disintegration rate by determining -area

under the 0.51 Mev‘énnihalatien peak for cepper-64.

2. .Plet a decay curve on semilog paper . of the corrected.

counts per minute versus time.

NOTE: - A decay curve should be taken over a périod.of
several hours (sample should be counted .at a mini-
mum of M.times a day over a perioed of 2-3 days)

and extrapolated back te sampling time.

3. . The disintegration rate of ‘copper-64 is calculated

. B Cc -
-~ dpm-ml = (V)(E Fy).“

Where: .

.Cdunts.per mihute, corrected fdr'background counts

at sampling time.

.E = Counting efficiency.

23]
<
|

= Yield factor.
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3 ‘COPPER METHOD

E. CALCULATIONS (Cont'd)

NOTE: If precipitated as Cu(ClqulQéN)-the gravimetric
yield is 0.2201. ’

Volume of sample:in ml.

vV =




RADIOACTIVE OFF-GAS ANALYSES
Method No.  RC-13

A. . SUMMARY OF METHOD

The off-gases are sampled in a counting bottle which is
placed .directly on the sodium iodide crystal cennected to a
gamma-ray spectremeter. Gamma-ray count rates are taken

at various time intervals.
B.  APPARATUS

1. Counting Cell - See. Appendix ‘D.. . The cell should

be made of high vacuum glass.

2. Gamma-Ray Spectrometer - A sodium iedide scintillation’ : !

detector assémbly,connected to the appropriate amplifier

-and pulse height analyzer.

C. . REAGENTS AND MATERIALS
\Noné
D. ..PROCEDURE

1. Off-gas is sampled into an éyacuétedqgiéssvMerinelli

counting bottle and placed on the sodium iédide crystal.

2. With a gamma-ray spéctrometer radioassay the off-gas

sample.
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. RADTOACTIVE OFF-GAS ANALYSES

E,

CALCULATIONS

1. - Record gamma count at time intervals.

2. - Plot the gammaAspectfum.

3. Plot a decay curve on semilog,papér'of the coeunt rate

versus time. Identify isotopés from their half-lifes. - You

should be alert for 110 minute half-life A-41 from activa-
tion of air and noble gas fission products and their daughters;

9 hour half-life Xe-135, 18 minute half-life Rb-88, and. 32

‘minute half-1life Cs-138.

It is suggestéd that time intervals for counting should- be

every 15 minutes for the first hour then every 30 minutes

.for the next three hours-then.once.evéry elight hours for the

next twenty;fduf hours. -
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GROSS BETA-GAMMA ACTIVITY .
‘Method No. RC-14

- SUMMARY OF METHOD

A sample of the céblant shall be .analyzed by evaporating'a
sample on .a stainless steel planchet and couhting¢on a pro- .

porp;bnal counter to determine gross Beta-Gamma .activity.
APPARATUS

1. ‘Evaporator Feeder - To Dbe -able to evaporate large vo-

lume samples onto a planchet. (See Figure RCf3-l.)
2. Infra-red lamp.

3. 1 each 2 inch diahéter stainless steel plahcﬁets.
k. Smail (clean) forceps.

5. .Proportional Counting' System - A proportiohal'detector

connected to appfopriate amplifier and scaler type -system.

REAGENTS AND MATERTIALS

None.

.PROCEDURE
‘L, Using anEvaporator Feeder'(see~sedtionAB—l) evaporate

500 ml of the coolant onto a 2 inch diameter ‘stainless steel

planchet.
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~GROSS. BETA-GAMMA .ACTIVITY

D.

.PROCEDURE -(Cont'd)
2. Count on the~proportional.flow.counter.

CALCULATTIONS

~

1. Count for one hour at the Beta voltage setting.

2. Correct for a one hour planchet background and calcu-

late HAc/ml as:
c
#c/ml = (2.22 x.100) (E) (V)

Where:

C = BetaFGamma counit rate, .in net counts per minute.

.E = Counter efficiency,

“'V';PVOIuméfdf original sample in ml.

,2;22‘x'106 = Conversion factor from disintegrations per

~minute to micro curies.
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-NITROGEN-13

‘Method No. RC-15

SUMMARY OF METHOD

Nitrogen-13 1s-precipitated as ammonium chlbroplatinate

(NHy)oPtClg, mounted and counted on a proportional flow
counter system. The appropriate corrections ére7made for

chemical yield, and radioactive decay since sample was

taken.

APPARATUS

1. Normal laboratory glassware is'fequiredffor.this work.
2. Glass Fiber Filter - 1 inch diameter x d;o; inches

thick should be used. Any similar filter will.be suitable
provided it retains fine precipitates adeqﬁately~and main-
tains constant weight to T0.01 mg during filtration and -

drying.

3. Filter Holder - The filter-holder must hold the 1 inch

filters rigidly in place during filfrations¢

4. Desiccator - The desiccator must hold four 1 inch di-

ameter filters similar té}Fisher?NO} 8—615.

5. Oven - Oven should be gravity convection type‘ahd be
able to supply uniform heat at 110°C to a t0.5%c.  (Fisher

No. 13-244-1 or equivalent).
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NITROGEN-13

BO

APPARATUS (Cont'd)

6. Analytical Balance - It should be capable to weigh to

the nearest 0.1 mg,

7. Centrifuge - A clinical centfifuge shall be used. The

head should accommodate 50 ml centrifuge tubes.

8. Proportional_Counting System - A proportional detector

connected to appropriate amplifier and scaler type system.

REAGENTS AND MATERTIALS

1. Reagent grade chemicals shall be used to prepare rea-

gents. Unless otherwise indicated, all reagents shall con-
form to the specifications of the Committee of Analytical
Reagents of the Amefican Chemical Society. Other reagents
may be used, provided they are of sufficilent purity to give

the same. accuracy.

2. Purity of Water - All water used in preparing the rea-

gents and in diluting the samples shall be demineralized
water and conform to the specification for Reagent Water

(ASTM Designation D 1193).

3. Ammonium Carrier (10 mg/ml) - Refer to Section II on

-standardization of carriers.

4,  18M Sodium Hydroxide - Dissolve 360 grams of sodium

.hydroxide in 500 ml of water.
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NITROGEN-13

VC.,

. REAGENTS AND MATERIALS (Cont'd)

5. 5% Chloroplatinic Acid - Dissolve 5 grams chloroplatinic

acid crystals (HoPtClg - 6Hp0) in 95 ml of water.
PROCEDURE

1. Add sample to be analyzed to a 125 ml Erlenmeyer flask,

add 1 ml of ammonium carrier,
2. Add cautiously 5 ml of 18M sodium hydroxide.
3. Set up the distilling apparatus as per figure RC-15-1.

4, Add 2 ml of 5 percent chloroplatinic acid solution to

50 ml centrifluge tube.

5. Dilute to 20 ml with ethyl alcohol and place the centri-

fuge tube in an ice bath.

:6;_ Place the glass outlet tubing from the Erlenmeyer flask

under the surface of the liquid in the centrifuge tube.

7. Gently heat to boiling the 125 ml Erlenmeyer flask con-
taining the sample. Sample should be boiled for three min-

uteé.

8. Disconnect the centrifuge tube and filter with suction

the precipitate 6nto a-weighed glass fiber filter placed in

the filter holder.
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NITROGEN-13

D,

. PROCEDURE (Cont'd)

9. Rinse the centrifuge tube with ethyl alcohel and pour

the. rinsings through the filter.

10. Wash the precipitate.with approximately 5 ml ethyl

alcohol and two 5 ml portions of ether.

11. Place the filter containing the preéipitate in an even
and ‘dry at 110°C for 10-15 minutes. Cool in a desiccator

for 10-15 minutes.

12. Weigh the filter -and precipitate.on an analytical

balance to the nearest 0.1 mg.

13. Subtract the tare weight of the filter to obtain the

weight of the precipitate.
14. Mount the filter on a suitable holder.

15. Count on the proportional flow counter or on a Gamma -

ray spectrometer,

CALCULATIONS

The nitrogen activity is primarily composed of 10 minute
half-life nitrogen-13. Nitrogen-13.may be counted both by

Beta counting or Gamma counting techniques.
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NITROGEN-13

E.

- CALCULATIONS (Cont'd)

Beta.Method

1. Count for 1 minute intervals at the Beta voltage set-
tings.

/ . )
2. Correct for a 1 minute background and.calculate disin-

tegration rate of nitrogen-13 using the fdliowing equation:

C
dpm-ml = (v) (E) (Fy)

where:
C = counts per minute for nitrogen-13, corrected for back-

ground counter and extrapolated back to sampling time

E = counting efficiency

'Fy = fractional chemical yield for the séparation
'V = volume of sample in ml.

3. . Plot a decay curve on semileg paper of ‘the corrected
counts .per minute vs time. | |

'-NOTE:' A decay curve should be taken over a period of 30

minutes and extrapolated back to sampling time.

Gamma-Ray Spectrometer Method

1. Determine the disintegration rate by determining the

area under the 0.51 Mev annihilation photopeak for N-13.

NOTE: Count for 1 minute intervals.
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NITROGEN-13

E. . CALCULATIONS {Cont'd)

2. - To calculate disintegration rate of nitrOgen;;B use

E-2 equation.

3. - Plot a decay curve on semilog paper of the corrected
counts per minute vs time. | v
NOTE: A decay curve should be taken over a-period of 30

.minutes and extrapolated back to'sampling time.
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FIGURE RC-15-1

Glass tubing

Rubber stopper | Centrifuge tube L

Erlenmeyer
flask

"Ice bath
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ZIRCONIUM 95

‘Method No. RC-16

SUMMARY OF METHOD

Zircohium 1s initially sepafated ffom the alkali metals and
the alkaline earths by a hydroxide pfecipitation. The soluble
ZrFg ion is then formed with HF, and the zirconium:is repre-
cipitated from the rare earths as barium flurozirconate;
Zirconium is finally precipitated as the mandelate, weighed

and counted on a Gamma-ray spectrometer.

APPARATUS

1. Normal laboratory glassware is required for this work.

2. Glass Fiber Filter --1 inch diameter x 0.0l inches thick

should be used. Any similar filter will be suitable prbvided

it retains fine preciplitates adequately and- maintains constant

~ weight to ¥ 0.01 mg during filtration and drying.

3. Filter Holder - The filter holder must hold the 1 inch

filters rigidly in place during filtration.

NOTE:~.Care:should-be taken to-élean’thefholder thoroughly

“between filtrations to prevent cross-contamination.

4, Desiccator - The desiccator sheuld hold four 1 inch diameter

filters similar to Fisher No. 8-615.

5. Oven - Oven should be gravlity convection type and capable of
supplying uniform heat at 110° C to a t 0.5° ¢. (Fisher No. 13-

244-1 or equivalent).
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ZIRCONIUM 95

6. Analytical Balance - It should be capable to weigh to the

nearest 0.1 mg.

7. Centrifuge - A clinical centrifuge shall be used. The

head should accommodate 50 ml centrifuge tubes.

8. Gamma -Ray Spectrometer_e A sodium lodide scintfllation

.detector assembly connected to theAappropriate amplifier and

.pulse height analyzer.

'REAGENTS AND MATERIALS

1, Reagent grade chemicals shall be used to prepare reagents.
Unless otﬂerwise indicated, all reagents shall conform to the
specifications of the Committee of Analytical Reagents of the
American Chemical Society. Other reagents may be uéea, provided

they are of sufficient purity or give the same accuracy.

2. Purity of Water - All waterluéed in preparing the reagents

and in diluting the samples shall be demineralized water and

~conform to the specification for Reagent Water (ASTM Designa-~
“tlon D 1193). | | -

3. 2N Hydrochloric Acid - Measure 166-ml of hydrochloric

acid (HC1) and dilute to 1-liter with water.

4, Zirconium Carrier (10 mg/ml) - Refer to Section II on

standardization of carrier -solutions.
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ZIRCONIUM 95

5. 6N Ammonium Hydroxide - Measure 405 ml of concentrated

ammonium hydroxide (NHjOH) and dilute to l-liter with water.

6. 15.7 Nitric Acid - Concentrated nitric acid (HNO3).

7.  48% Hydrofluoric Acid - Concentrated hydrofluoric acid

(HR) -

8. Saturated Barium Chloride Solution - DiSsolVe 36 grams

of Barium Chloride in 100 ml of water.

NOTE: Excess solid should be present.

9. Saturated Boric Acid - Dissolve 6 gramé'of boric acid in
100 ml of water.

NOTE: Excess solid should be present;

10. . 36N Sulfuric Acid - Concentrated sulfuric acid (HpSOY).

- 11. 2% Aerosol OT Solution - This reagent can be purchased

- from Fisher Cat. No. SO-A-292,

12. 14.8N Ammonium Hydroxidé - Concentrated ammonium hydroxide.

13. (1-1) Ammonium Hydroxide - Measure 1éyqiﬁme.concentrated

ammonium hydroxide with l-volume water.

14, 12.1N Hydrochloric Acid - Concentrated'hydrochlorie acid

(HC1).

15. Methyl Red Indicator - Dissolve 1 gm of methyl red. in

600 ml of alcohol and dilute to 1-liter with water.
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ZIRCONIUM 95

16. .Saturated Ammonium Chloride Solution - Dissolve 32 grams

of ammonium chloride in 100 - ml of water.

17. -15% Mandelic Acid Solution - Dissolve 15 grams mandelic

acid in 85 ml of water.
D. ~PROCEDURE

1. 'Add.5-m1 of concentrated hydrochloric acid to the sample .

to be analyzed,

2. Add 2 ml of zirconium carrier and heat to boiling on a

hot plate for 1-2 minutes.

3. 0001 and'add dropwise 6N ammonium hydroxide to precipi-
tate zirconium hydroxide. Add 1-2 ml 6N ammonium hydroxide

in excess.

4.  Centrifuge for 2 minutes and discard the supernate to the

radioactive waste.

5. Dissolve the precipitate by adding 3 ml concentrated nitric

acid (HNO3) and 2 ml of water.

6. Add 3 drops of concentrated hydrofluoric acid (HF) and

stir for 1-2 minutes.

7.  Centrifuge for 2 minutes and transfer the supernate to a
clean 50 ml centrifuge tube. Discard the preclpitate to the

solid radioactive waste.
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ZIRCONIUM. 95

8. Add 3 drops of saturated bérium chloride solution and
repeat step D-4.
CAUTION: Zirconium is precipitated as the insoluble BaZrFg.

HoO barium flurozirconate which is somewhat soluble in-acid.

- Do not add excess Ba and HF which will reduce the solubility.

9. Dissolve the precipitate by adding 4 ml of saturated

boric acid (H3BO3) solution, stir for 1-2 minutes.

~10. Add 2 ml concentrated nitrictacid (HNO3) and dilute to

15 ml with water.

11. To the clear solution, add 6 drops of concentrated sul-

furic acid (HpSOy) and 2-3 drops of 2% aerosol solution.

12, Centrifuge for 2 minutes and transfer the supernate to

a clean centrifuge tube. Discard the precipitate to the

radicactive waste.

13. Add 5 ml of concentrated ammonium hydroxide (NHJOH) to

the supernate and repeat step D-4.

14, Wash the precipitate twice with (1-1) ammonium hydroxide

(NH40H) solution and repeat step D-4.

15. Dissolve the precipitate in 2 ml concentrated hydro-

chloric acid (HC1l) and dilute to 10 ml with water.
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16. Add 1-2 drops of methyl red indicator, dropwise add 6N
rammonium hydroxide (NHjOH) until the methyl red .endpoint is
reached,

NOTE: After the endpoint is reached .add 1 drop in excess.

17. Add 2 ml of saturated ammonium chloride (NHuCI) solution

and dilute to 15 ml with water.

18. Add 10.ml of 15% mandelic acid solution and digest (using
a beaker half filled with water placed on a hot plate) for

10 -minutes and repeat step D-4.

19. Filter, with suction, the precipitate onto a.weighed

glass fiber filter placed in the filter holder. -

20. ‘Rinse the centrifuge tube with ethyl alcohel and pour

the rinsings through the filter.

'21.. Wash the precipitate with approximately 5 ml ethyl al-

cohol and two 5 ml portions of ether.

22. Place the filter contalning. the precipitate in an oven
and dry at 110° ¢ for 10-15 minutes. Cool in a desiccator

for 10-15 minutes.

23, Weigh the filter and precipitate on an analytical balance

to the‘nearest 0.1 mg.

24, Subtract‘the tare weight of the filter to obtain the
weight of the precipitate.
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-ZIRCONIUM. 95

25. Mount the filter on a suitable holder.
26. With a gamma—fay spectfometer radioassay the precipitate.

CALCULATIONS

The zirconium activity may consist of 65 day half-life zirco-

nium-95 and 17 hour zirconium-97.

1. Determine the disintegration rate by determining.area

under the 0.76 Mev photopeak for zirconium-95.

2. Determine the disintegration rate by determining area

under the 1.15 Mev photopeak of zirconium-97.

3. For zirconlum-97 plot a decay curve on semilog paper of

~the corrected  counts:  per minute vs time.

NOTE: A decay curve should be taken over a period of several

hours (sample should be counted.at a minimum of l-time a day
" ‘over a period of 4-5 days) and'eitrapolated:baék to sampling

©time).

4. The disintegration rate of zirconium 95 and 97 may be cal-

culated using the equation:

o o
dpm-ml = (y) (E) (Fy)

where:

C

Counts per minute, corrected for background counts at

sampling time

|
i

Counting. efficilency
-270-



|

ZIRCONIUM 95

Yield factor

Fy

v .

Volume of sample in ml,

5. If the sample is not counted within 1-day from the time
of radiochemical separation, a correction for the Nb-95
daughter should be made by use of figure RC-16-1 or calcu-

lated as follows:

Ap = By, e"AE v

Xahe |- “Nt
Ao = J&L_4__{ )ﬁf-_ 2
2" - i e e

Aq |
Fzr-95 = 17+ g

i

_—
I

t  Cant rate at Zr-95 at time (t)
‘Ao, = Count rate of Zr-95 at time of separation
Ap = Count rate at Nb-95 at time (t)
Fzrgé = Fraction of total gaﬁma originating from Zr;95.
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Correction for Nb95 Growth in
zr95 after separation

Multiply factor by count rate
to correct to separation time.

Factor

1.000
.996
.992
. 988
. 984
.980
.976
.972
. 968
. 964
. 960
.956
.952
.948
.94 .
. 940
.936
.932
.928
.924
.920
.916
.912
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FLOURINE - 18

SUMMARY OF METHOD Method No. RC-17

,Flourine—18 is precipitated, as (PbFC1l) Lead Fluoro Chloride,

mounted and counted on a gamma-ray  spectrometer counting

system or a proportional flow counting system. hThe

.appropriate corrections are made for chemical yield, and

radioactive decay since sample was taken.

- APPARATUS

1. -~ Normal laboratory glassware is required for this work.

2. Glass Fiber Pilter - 1 inch diameter x 0.01 inches thick

should be used. Any similar filter will be suitable pro-
vided it retains fine precipitates adequately and main-

tains constant weight to ¥ 0.01 mg during ‘filtration and

- drying.: . -

3. - Filter Holder - The filter holder must hold the 1 inch

filters rigidly in place during filtration.
NOTE: Care should be taken to clean the holder thoroughly be-

tween filtrations to prevent cross-contamination.

4, .Desiccator - The desiccator should hold four 1 inch

diameter filters similar to Fisher No. 8-615.

5. Analytical Balance --It should be capable to weigh to

the nearest 0.1 mg.

6. The following additional supplies are needed:

a. 400 ml beakers
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FLUORINE-18

BI

APPARATUS (Cont'd)

7. Proportional Counting System - A proportilonal detector

connected to appropriate amplifier and scaler type-systém.

REAGENTS AND MATERIALS

1. .Reagent: grade chemicals shall be used to prepare reagents.
Unless othérwise~indicated, all reagenté shall‘conform to

the specifications of the Committee on .Analytical Reagents’
of the American Chemical Society. Other reagents'may be
used, provided they are of sufficient purity to'givg the same

accuracy.

2. .Purity of Water - All water used in preparing the rea-

gents and 1n dilufing the samples shall be demineralized

water and conform to the specification for Reagent Water

(ASTM Designation D1193).

3. 10% Lead Acetate - Dissolve 10 grams of leadfacetate in

90 ml of water.

'4. 12.1N Hydrochloric Acid - Concentrated hydrochloric gcid

(HC1) .

5. 15.7N Nitric Acid - Concentrated nitric acid (HNO3).

6.  17.4N Acetic Acid - Concentrated acetic acid (HC2H302).
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FLUORINE-18

C. REAGENTS AND MATERIALS (Cont'd)

7. .Fluorine Carrier (10 mg/ml) - -Refer to Section II .on

standardization of carriers.

8. fMethyl.Orange Indicator - Dissolve 1 gram of methyl orange

in 1 liter water.

D. PROCEDURE

1. To sample add 2 ml fluoride carrier (NaF) and 2-3 drops

of methyl orange indicator.

2. .Stir while adding concentrated nitric acid dropwise to
“the solution until a pink color appears.
_.NOTE: .Add three drops of concentrated nitric acld in excess

after the -end point is reached (pink color appears).

.3, Add 16 drops of concentrated nydrochloric acid (HC1) and

10 drops of concentrated acetic acid.
4. Add 25 ml lead acetate solution.

5. Allow to stand briefly until settled and then filter with
suction the precipitate onto a weighed glass fiber filter

placed .in the filter holder.

6. .Rinse the centrifuge tube -with ethyl alcohol and pour the

rinsings through the filter.
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. FLUORINE-18

- D. PROCEDURE (Cont'd)

7. Wash the precipitate with approximately 10 ml ethyl al-

- cohol and 10 ml of diethyl ether.

8. .Place -filters contalning the precipitate in .a desiccator

for 10 minutes.

9. Weigh the filter and precipitate on an .analytical ba;

lance to the nearest 0.1 mg.

10. Subtract the tare weight of the filter to obtain .the

. weight of the precipitate.

11. Mount the filter on a suitable holder.
-NOTE: Suitable holders are described by Overman and Clark

in PRadioithope,Teéhniques", McGraw-H11l, 1960.

' :12, Count on the‘proportionalAflow'counter-orxon a gamma-

- pay spectrometer.

Thelfiuorine activity-is primarily composed of 111 minutes
half-life -fluorine-18.

,Beta Method

1.  .Count for 5 minute. intervals at the Beta voltage setting.

| "E.  CALCULATIONS

|
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.FLUORINE-lSV

E.

' CALCULATIONS (Cont'd)

2. Correct for-a 5 minute background and calculated dis-

integration rate of fluorine-18 using the folldWing‘equation:

S C
dpm-ml = (VilEiiFy)

Where :

C = Counts per minuté-for~F—l8, corrected for background
counter and extrapolated back to sampling time.

E = Counting efficienqy

Fy = Fractionai chemical yield for the separation

V  = Volumelof sample in ml.

3. Plot a decay curve on semilog,paber~oféthe corrected

counts per-minute versus time.

NOTE : A‘decay curve should be taken over' a peripd of se--.
veral hours (4-6 hours) and eitrapolatéd'baqk to

' -sampling time.

.Gamma-Ray Spectrometer Method

4, Determine the disintegration rate by determining the
area under the 0.51 Mev annihllation photo-peak for:fluo-

rine-18.
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FLUORINE-18

E. CALCULATIONS (Cont'd)

5. To calculate disintegration rate of fluorihe-18 use

‘E-2 equation.

6. Repeat step E-3 for determining half-life.
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Section VI

DISSOLUTION METHODS

This section -is a collection of dissolutionﬁprdéedures for
quantitative removal of sorbed activity from ion ex¢hange
resins and élso the dissolution of insoluble corfogionA
products which flake off metal surfaces and transpQrted
through the cooling system. The dissblution methodS'have
‘been written for théir*sihplicity of the.éhemical.operée

tions involved.
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ION-EXCHANGE_RESIN DISSOLUTION

Method No. D-1

. SUMMARY OF METHOD

Quantitative removal of sorbed,acﬁivity'fromeioh exXchange
resins.is most effectively accomplished by completely des-
troyihg organicvresin with concurrént dissolufien of all
ionic activity in the reactant soelution. Hot coﬁéentrated‘
sulfﬁric'ééiduis effective 1in degrading the resin .so that
subsequent oxldation with het concentrated'nitric acid

(HNQ3) results in complete resin dissolutioen.

It should be noted that for the recovery of 12 activity

“from resin samples refer to Method_No. D-2.
-APPARATUS

1, Hgt.plate _
‘2. 3 each - 600 ml beakers

,3;ffi each - transfer pipettes with rubber. bulb :attached

‘;REAGENTS'ANDUMATERIALS

1." Concentrated.nitric acid (15.7N)

2. Concentrated sulfuric acid (36.0N)
3. Standardized carriers for each of the isotopes to be

analyZed.
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. JON-EXCHANGE 'RESIN DISSOLUTION

D.

nitric acid (HNO

NOTE: Perform the dissolution -in triplicate

hood.

2. Add 20 mg of standardized carrier for each of the

‘isotopes undergoing analysis.

3. .Add 2 ml of concentrated nitric acid (HNQ3)'and

cover the beaker with a watch .glass.

L4, . Place beakers on a hot plate and évaporate,to dry-

ness.

.PROCEDURE

'l. Weigh to the nearest .0l gm approximately. 5 gramsibf
alr dried resin to be analyzed.and place'inué 600 ml
becaker.

in .a .fume

CAUTION: Use -low heat to evaporate to dryness.

5{ "When the sample-is dry, turn the hot’plate:tempera—

.ture'éontrol to the«HIGH'position and,char the resin.

6. Codl and add 50 ml of concentrated_sulfuric'acid'

'(HQSQA), 

7T. .Place on the hot plate and heat to dense

8. .Keeping the sample on the hot plate, 'add

) carefully by allowing the
3 .

.slowly'from‘a transfer pipette down the 'side
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ION-EXCHANGE RESIN DISSOLUTION

CAUTION:

NOTE:

Procedure (Cont'd)

"Excess splashing . may ‘be avoided by keeping the

temperature of the sulfuric acid solution just
slightly -above the boiling point of the nitric

acid (HNO3),

The black mixture will slowly clear, the final

solution should be perfectly - clear except for

insoluble sulfate precipitates such .as barium

or ‘strontium.

For one gram of resin, 20-30 ml of concentra-

ted nitric acid (HNO3) should be sufficient.

CALCULATIONS

None
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IODINE EXTRACTED FROM ION-EXCHANGE RESIN

Method No., D-2

SUMMARY: OF METHOD

For the épecific determination of radioactive'metal nuclides,
the resin 1s generally destroyed (Reference D-1 method).

The severity of this process‘used %o destroy the resin would
result in a complete loss of iodin? activities. Therefore,

a separate saﬁple bf rgsin should be used'for 1odine analyses.
The.iodine activity'is removgd'ﬁy pxidétion to the molecular
state and extracted into carbon tetrachlofide. The 1lodine 1s

finally precipitated as PdI, for welghing and counting.

APPARATUS

1. Normal laboratory glassware is required for this work.

2, Glass Fiber Filter - 1 inch diameter x 0.0l inches thick

should be used. Any similar filter will be sultable provided
it retains fine precipitates adequately and maintalns constant

weight to toa mg dﬁring filtration'and drying.

3. Filter Holder - The filter holder must hold the 1 inch .
fiiters rigidly in place during filtratilon. '
NOTE:' Care should be taken to clean the holder thoroughly

between filtrations to prevént cross-contamination,
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IODINE EXTRACTED FROM ION-EXCHANGE RESIN
B, APPARATUS (Cont'd)

4, Desiccator - The desiccator must hold four 1 inch

diameter filters similar to Fisher No. 8-615.

5. Oven - Oven should be gravity convection type and be
able to supply uniform heat atfilOOC to a ¥ 0.5°C.

(Fisher No, 13-244-1 or equivalent),

6. Analytical Balance - It should be capable to weighgto

L]

. the nearest 0.1 mg.

.

T Gamma-Réy Spectrometer - A sodium lodide scintillation

detector assembly connectéd to the appropriate amplifiler

and pulse height analyzer.
8. The following additional supplies are needed:

‘_é, 1 ea Separatory funnel, 1000 ml Squibb type -
‘b. 2 ea Separatory funnel, 125 ml Squibb type
c. i ea 50 ml beaker
‘:d;  1 ea 10 ml graduated cylinder
e, -1 ea 100 ml beaker

f. 1 ea Separatory funnel, 60 ml Squibb type

¢. REAGENTS AND MATERIALS

1. Purity of Reagents - Reagent grade chemicals shall be

-used to prepare reagents. Unless otherwise indicated, all
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IODINE EXTRACTED FROM ION-EXCHANGE RESIN

C. REAGENTS AND MATERIALS (Cont'd)

reagents shall conform to the specifications of the Committee
on‘Ahalytical Reagents of the American Chemical Society.
Other reagents may. be used, provided they ére of sufficient

| purity to give the same accuracy.

2. Purity of Water - All water used in preparing the reagents

and in diluting the samples shall be demineralized water and
~conform to the Specification fbr Reagent Water (ASTM Designa-
tion D 1193).

3. Ethyi Alcohol - Either CP ethyl alcohol or denatured
ethyl alcohol (denatured according to formula No. 30,
Regulations No., 3 and its appendix, U. S. Bureau of Internal

.Revenue) shall be used for standardization of the carriers.

4, 2M Sodium Carbonate - Dissolve 21 gms sodium carbonate

(N32c03)'1n 100 ml water.

5, 1M Hydroxyalmine Hydrochloride - Dissolve 7_gms'hydro—

xylaminé hydrochloride'(NHQOH-H01) in 100 ml wéter,

NOTE: Store in cool place.

6., 1N Nitric Acid (HNO3) - Measure 64 ml of 15,7N nitric

acid (HNO;) and dilute to l-liter with water.

7. 0.1M Palladium Chloride - Dissolve 21.4 gms of palladium

chloride (PdCl,-2H,0)’and dilute to 1-liter with water.

2
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JIODINE EXTRACTED FROM ION—EXCHANGE RESIN

C, REAGENTS AND MATERIALS {Cont'd)

8. 2M Sodium Carbonate (Na2CO3) - Dissolve‘lOB gms sodium

carbonate (Na2CO3) and dilute with 500 ml water.

9, The additional chemicals are needed:

a., Carbon tetrachloride (CCl4)

b, Conc.Nitric Acid (HNO3)

c. Standardizéd iodine carrier (10 mg/ml)
d. Sulfurous acid (H2803)

e. Sodium nitrite (NaNO,) (solid)

f. Sodium hyprochlorite (5%) (NaCl0)

PROCEDURE

1. In a 100 ml beaker containing 2 ml of standardized 1odine

cérgier-and 10 ml of 2M sodium carbonate (Na2CO3) adad 5fgms of
air dried resin, ' ‘ ‘

NOTE: Sodium carbonate (Nazcoé),keepé th¢ solution alkaline

. to prevent the fofmation and subsequent loss of 12.

2. Add 1 ml of 5% sodium hyprochlorite (NaClO) solution,

piacé in a hot water bath and stir vigorously.

3. Cool the solution and then transfer the solution to a

60 ml separatory funnel.
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‘TODINE EXTRACTED FROM ION-EXCHANGE RESIN

D. PROCEDURE (Cont'd)

4., To separate iodine - 131 use procedure RC-1 staréing on

step D-4 thru D-29.

E. CALCULATIONS

Only the 8.05 day I-131 will be present. Analyze I-131 data

as stated in brocedure RC-1 sectlon E.
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_DISSOLUTION OF CRUD

Method No. D-3

 SUMMARY OF METHOD

The crud is insoluble corrosion préducts that flake off
metal.surfacés and are transperted through the cooling
system. The crud is transferred to a porcelain .crucible
Coors #1 or #2 and. ignited over 'a burner and .fused .in

pyrosulfate dissolved in .a hydrochloric acid media and

diluted to appropriate volume. After the crud 1s put

‘into solution, the dissolved crud .is then radioassayed

for various isotopes.
APPARATUS

1. Normal laboratory glassware is.required4for~this

work.

The following equipment will be needed:

a. 1 ea - Porcelain crucible, Coors #l1 or #2

b. 1 -ea - gas burner (Fisher type burner:préferred)
‘¢, 1 ea .- 150 ml beaker o
d. 1 ea - crucible tongs
e 1l ea - 50 ml'gfaduated leinder
f. 1 ea - hot plate
1 .ea - 50 ml volumetric flask
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DISSOLUTION OF CRUD

C. REAGENTS AND MATERIALS

1. Reagent grade chemicals shall be used to prepare reagents.
Unless otherwise indicated, all reagents shall conform to the
specifications of the Committee on Analytical Reagents of the
American Chemiéal Society. Other reagents may be used pro-

vided they are of sufficient purity to give the same accuracy.

. 2. Purity of Water - All water used .in preparing -the rea-

gents and in diluting the samples shall be demineralized
water and conform to the Specification for Reagent Water (ASTM

Designation D 1193).

3. 6M Hydrochloric Acid (HCl) - Measure 100 ml of concen-

trated (12M) hydrochloric acid (HCl) and dilute with 100 ml

water.

4, Solid, potdssium pyrosulfate (K28207).

{
D. PROCEDURE

1. Place the filter paper containing the crud in a porcelain

crucible.

2. Ignite over the gas burner (low flame until'filter paper
‘is completely chared). Turn up gas burner to a medium flame
and ignite for 10 minutes.

NOTE: This operation should be performed in .a fume hood.
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DISSOLUTION OF CRUD

DO

PROCEDURE (Cont'd)

3. Cool porcelain crucible and add just -eneugh -selid potas—

sium pyrosulfate (K28207) to cover the .sample.

4, Heat over the gas burner until a.cherry-red melt -is

formed.

NOTE: This operation .should be performed .in a fume hood.

5. Cool the platinum crucible :and add 20‘ml of 6M'hydro-

chloric acid (HC1).
6. Heat gently on -a hot plate until the solid has loosened.

7. After the solid has loosened- transfer to a 150 ml beaker

‘and boil until the solid has completely dissolved.

NOTE: .Add 6M hydrochloric -acid (HC1) if necessary.

8. Cool and dilute the solution te 50 ml with water.

NOTE: -If Mn-56 -is to be determined use two 25 ml aliquotes.

" CALCULATIONS

None.
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-SECTION VII

. SCHEDULE FOR: RADIO AND WATER CHEMISTRY ANALYSES

A,

. LACBWR SAMPLING SYSTEM ' B

The LACBWR Sampling System provides the means by which the
various Reactor and Generator Plant Auxiliary Systems can
be . sampled. The sampling program has been designed to sup-

plement plant operating instrumentation.

Routine sampling of the Reactor and Generator Plant Auxil-

iary Systems enables the plant chemist to:

1. Maintain chemical qontrol within the limits
specified in the operating manual and -as dictéted by
good-wafer chemisfry controlfbractice to achieve
optimum water quality for the protection of plant

equipment. -

2'. Establish base line water chemistry and radio-
chemistry data for use in the detection and inter-

‘pretation of abnormal conditions.

3. Calibrate and check station operating instru-
‘ments.

4
b, Determine that activation of the system cor-

‘rosion products from structural materials does.not

- -exceed expected values.
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SECTION VII

‘ SCHEDULE. FOR RADIO AND WATER CHEMISTRY ANALYSES

A. - LACBWR Sampling System (Cont'd)

5. Provide efficiency. and operational information

on the purification demineralizers systems.

.In addition to the normal control procedures such.asApH,

conductivity, and chloride used to determine whether chemi-
cal control 1is operating as désigned, the system provides

a -means for conducting theffollowing chemical tests for
gathering a history of plant operation on.whichxto base

the detection .and interpretation of abnormal conditions:

g 1. Total Iron and Copper - Determining the level

of copper in the reactor coolant, feedwater and full
flow condensate systems enables the plant'chemist to
establish a material balance and to detect abnormal
corrosion behavior of components in these systems.
Total iron determines relative rate of total system
cdrrosion and total copper determines condenser

~tubing corrosion.

2. Dissolved Oxygen - Determining the dissolved

oxygen concentration in the reactor coélant, feed-
water,. and full flow condensate systems enables the
plant chemist to better understand plant corrosion

with special interest focused on reactor components
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SECTION VII \

SCHEDULE FOR RADIO AND WATER CHEMISTRY ANALYSES

AA.

.LACBWR Sampling  System (Cont'd)

subject to chloride stress corrosion cracking -and to

detect air inleakage.

3. Total Solids - Determining the total solids con-

centration of the reactor coolant, feedwater and full
flow condensate systems enables the chemist to better
understand overall plant corrosion behavior and to

detect condenser inleakage.

4. Silica - Determining the -silica .concentration of
the feedwater, main steam and the virgin and conden-
sate storage tanks enables the chemist to establish

a material balance, to detect conéenser inleakage, to
insure proper makeup water quality, and the minimizas -

tion of Si0, carryover and turbine blade build-up.

5. Radionuclide Separation - Determining the follow-

ing list of radionuclides pgesent in the reactor

coolant will establish the concentration and types of
corrosion-erosion products present in the coolant and

also determine -if fuel Taillure occured.

.The following are typical radionuclides present in

water reactor coolant:
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SECTION VII

SCHEDULE FOR RADIO AND WATER CHEMISTRY .ANALYSES

A. . LACBWR Sampling System (Cont'd)

I Coolant Activation .Activated Corrosion
‘Products . . Fission .Products Products

»

Radionuclide Half-1life 'RadionuclidelHalf—life Radionuclide Half-1life

N-16 7.35 sec. I-134 58.0 min. Mn-56 2.58 hrs.
N-13 10.0 min. I-135 .7 hrs. Ni-65 2.56 hrs.
Ar-41 .1.83 hrs. I-133 21.0 hrs. Cu-64 12.9 hrs.
F.18 - 111.0 min. .I-131 - 8.05 ddys w-187 24.0 hrs.
Na-24 "~ 15.0 hrs.: Cs-139 9.5 min. Cr-51 27.8 days
Cs-138 32.2 min. Fe-59 45.0 days
.Cs-137 30 yrs. Zr-95 65.0 days
.Ba-139 83 min. Co-58 71.0 ‘days
Ba-140 12.8 days Co-60 5.27 yrs.
!’ Sr-91 9.7 hrs. Mn-54 314.0 days

.Sr-92 2.7 hrs.

-Sr-89 50.4 days

Sr-90 27.7 yrs.

Zr-95 65 days

Mo -99 66 hrs.

. Xe-133 5.27 days

‘Xe-135 9.2 hrs.

.Xe-135m 15 min.

Kr-85 10.4 yrs.

Reactor Purificétion

The réactor purification system can be sampled at two points:

influent and effluent streams.

The influent sample connection, located upstream of cation
and mixed bed ion exchanger and downstream of valve 51-24-007,
consists of a 1/2" stainless steel pipe and twd normally closed

‘ 1/2" stainless steel globe valves (51-23-001 and 51-23-002).

‘The effluent sample-connection, which is, located upstream of
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SECTION VII

SCHEDULE'FOR.RA%IO AND WATER CHEMISTRY.-ANALYSES

A.

.LACBWR Sampling system (Cont'd)

51-24-014 .and downstream of cation and mixed bed ion exchanger

consists of a 1/2" stainless steel pipe and two‘normally'
ciosed 1/2" stainless steel globe valves (51-23-003 and 51-

23-00L4) .

Both sample connections terminate over a small stainless
steel combination sink-work table located at elevation

621'-0",

Overhead Water Storage Tank

The overhead water storage tank sample point, which .is
located upstream of the locked closed 3" drain valve 69-
24-002 above the main floor, consists of a 1/2" carbon steel
pipe and a.1/2" globe -valve 69-23-001. The sample connec-
tion terminates at the sampling table located at eleva-

tion 667'-0".

N
Boron -Injection

The Boron:InJection~Systém-can be ‘sampled at two points:

storage tank and pump suction line.

The -storage tank sample connection 1s located downstream
of the tank, and upstream of the locked-open -3" gate valve
60~24-OO2.
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'SECTION VII

SCHEDULE FOR RADIO AND WATER CHEMISTRY ANALYSES

Boron Injection (Cont'd)

Both sample points iocated at elevation 667'-0",  and each
consists of a 1/2" stainless steel pipe and a 1/2" globe
valve (60-23-001 tank sample 60-23-002 pump suction line

.sample).

The injection line sample point just upstream of auto con-
trol valve‘60-25-001 is useful in detecting any crystalli-

zation of the sodium pentaborate in the suction -line.

Shield Cooling

The ‘Shield Cooling System sample point, located on the
.shield cooling pump discharge header upstream of the shield
COoling filter, consists of a 1/2" carbon steel pipe and

1/2" globe valve 59-23-002.

.The sample connection terminates over the small combina-
tion sink-work table provided for the Reactor. Purification

'SYStem.at elevation 621'-0".

AFuelfstofége Well

TheaFuel Storage Well System .can be sampled at%ﬁo points
'atveievétion 642{-9". One sample point is loéated.upstréam_
of_the filter, and:downstream of the~skimmer-aﬁd overhead -
storage tank connections. (58—23-003) Another sampie point
is located on the return line, immediately upstream of the
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SECTION VIT

SCHEDULE FOR RADIO AND WATER CHEMISTRY ANALYSES

Fuel Storage Well (Cont'd)
fuel storage well. (58-23-002)

Each sample connection consists of a 1/2" stainless steel
- pipe and a normally closed 1/2" globe valve (58-23-002 and

58 -23-003) .

Component Cooling Water

The Component Cooling Water System sampie-point, located on
.the component cooling water pump discharge header consists
l of a 1/2" carbon steel pipe and 1/2" globe valve 57-23-003

- at elevation 640'-0" in the Generator Plant.

Liquid Waste.

- . The Liquid Waste Disposal System can be sampled at 8 points:

|/ 1. Each of the two 6,000 gallon retention tanks (1A
and 1B) has a bottom sample conneétion consisting of
1" carbon‘sfeel pipe and a 1" Sronie globe val;é (54-

‘ o 23-006 "1A" and 54-23-007 "1B"). Both sarriple con-
nections terminate over the combination sink-work

Lt table located at elevation 621'-0O".

K

2. The 3000 gallon waste water stérageAtank has a

bottom sample connection consisting of a 1" carbon

steel pipe and il broﬁze globe valve 54-23-008.
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SECTION VIT

SCHEDULE FOR RADIO AND WATER CHEMISTRY ANALYSES

Liquid Waste (Cont'd)

3.  The 4500 gallon.waste water storage tank has a
bottom. sample connection consisting of a 1" carbon
steel pipe and 1" bronze globe valve 54-23-009.which

terminates outside the shielding wall which surrounds
the tank.
4, The evaporator feed tank has -a.bottom sample

connection consisting of 1/2" stainless steel pipe
which is extended outside the shielding well.and 1/2"

" stainless steel globe valve 54-23-013.

L 5. The 1 gpm.waste evaporator has a bottom sample
connection consisting of 1" stainless steel pipe and
a 1" stainless steel extended stem ball 'valve 54-23-

O11l.

6. The spent resin tank has a bottom sample connec-
tion consisting of 1/2" stainless steel pipe extended
~outside the shield wall and 1/2" stainless steel ball

valve 54-23-014.

~ 7. The water collection tank has -a bottom sample
connection censisting of 1" carbon .steel pipe and

.1" bronze globe. valve 54-23-005.

d' 8. The 500 gallon concentrated waste storage tank
has -a bottom sample connection consisting of 1"
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SECTION VII

SCHEDULE FOR RADIO AND WATER CHEMISTRY ANALYSES

Liquid Waste (Cont'd)

stainless steel pipe and a 1" extended stem and

handwheel diaphragm valve 54-23-012,

.The evaporator and evaporator feed tank sample peints
terminate :at a central sampling station located over a
sample trough just outside the shield wall in the waste
disposal building. The spent resin tank .sample point will
extend down into the basement. The water'collection tank

sample point will be located.at the tank.

‘Gaseous Waste System

The Gaéeous Waste System can be sampled-at four points:

_two for gaseous content, and two for condensed moisture.

The two 1600 cu. ft. gas storage tanks, located in the
gnderground gas storage vault, have a commbn bottoﬁ éample
connection .consisting of a 1/4" carben.steel pipe and 1/4"
carbonwéteel globe valve, 55-23-008. 'This bottom sample
-éonnection,tégether with tank drain valves.55-23-006*and
007, are used to sample the condensed moisture in the

tanks.

In addition, éach gas storage tank has -a top .sample con-

nection consisting of a.1/4" carbon .steel piping and 1/4"
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SECTION VIT

SCHEDULE. FOR' RADIO:- AND WATER CHEMISTRY ANALYSES

Gaseous Waste System (Cont'd)

‘carbon steel needle valves, 55-23-011 (Tank. No. "1B") and

55-23-010 (Tank No. "1A"). These top sample connections

are used to sample the gaseous contents of the tanks.

The two gaseous sample lines terminate over a sample trough

_on a table in.the waste disposal building.

Shutdown Condenser

The Shutdown Condenser can be sampled at two points:

. shell side coolant and condensate return.

The shell side sample connection, located upstream of drain

valve 62-24-018 consists of a sample cooler, 1/2" carbon

steel pipe and 1/2" bronze globe valves 62-23-003 and 62-
-23-004.

- Feedwater

The Feedwater System sample point, located.at elevation
621'-0", consists of a sample cooler, 1/2" stainless steel
pipe and two normally closed 1/2" stainless steel gilobe

valves 65-23-001 and 65-23-002, which.are located down-

‘stream.of valve 65-24-001.
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SECTION ;VII

SCHEDULE FOR RADIO.AND WATER CHEMISTRY ANALYSES -

AMain_Steam

The Main Steam Sampling arrangement, located.at elevation
667'-0", consists of an ASME sample nozzle, a throttling

calorimeter and a. sample cooler,
The throttling calorimeter is used to measure steam. quality.

The condensed steam leaving the sample eocoler can be
. sampled .via a 1" stainless steel pipe and two 1" stain-

"less steel globe valves (64-23-001 and 64-23-002).

:Full-Flow Condensate Demineralization

.The Full-Flow Condensate Demineralization System. can- be
-sampledAat:four points: One common sample point in the
influént stream and a separate sample point in the efflu-

‘ent stream for each of the three mixed-bed demineralizers.

- The common influent sample connection is located. on the
condensate pump discharge header downstream~0f conductiv-
ity element and upstream of the threé demineralizers. It
consists of a 1/2" carbon steel pipe and two 1/2" carbon

steel globe valves.

Each effluent leg of the three demineralizers is fitted
with a 1/2" carbon .steel pipe and two 1/2" carbon steel

globe valves located downstream of the extended stem
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SECTION VII

SCHEDULE . FOR _RADIO ANDAWATER CHEMISTRY ANALYSES

—

. RADIO AND WATER CHEMISTRY TESTS

Full-Flow Condensate Demineralization (Cont'd)

handwheel effluent valves.

-Demineralized Makeup and Well Water

The Demineralized. Makeup and Well Water System.can be

_-sampled.at five points.

The deep well water supply sample connection, located
downstream of the deep well pumps and. upstream. of the
cation exchanger, consists of a 1/2" line and a 1/2" globe

valve,

The cation exchanger sample connection is located . on the
demineralizer effluent line 'and consists of a 1/2" 1line

and a.l1/2" globe valve.

The anion exchanger sample connection is located.on the

demineralizer effluent line and consists of a 1/2" line

.and-a 1/2" globe valve,

The water chemistry l1imits shown on Table VII-I are those
recommended for normal plant operation. Normal operation.

is defined when the plant turbine is.at- 20 percent- load

. or above. Radio and Water Chemistry tests.shown without
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"SECTION VII

' SCHEDULE FOR RADIO AND WATER CHEMISTRY ANALYSES

B. RADIO AND WATER CHEMISTRY TESTS (Cont'd)

limits.are those tests which are conducted to gain

base -1line operational data.
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RADIO AND WATER CHEMISTRY TESTS SCHEDULE
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JABLE =]

System Sample . Analysis frequency Limits Method Sample
Description Valve Number Aliquote
- Number _(ml)

{ REACTOR PURIFICATION
Influent Sample 51-23-002 pH 3 times/wk. 7.0 + 0.5 WC-1 250
51-23-001 .
Conguctiity (gmhos-Cm) 3 times/wk. 1.0 max. WC-2 250
Chtoride (ppm) 3 iimes/wk. 0 | max. WC-3 25
Copper (ppm) once/ wk. WC-12 50
lron (ppm) once/wk WC-4 50
Dissolved Cxygen (ppm) onze/wk. 20+ 2 WC-8A See Method
Sitica (pom) once/wk . WC-16 50
Racdiothemica! lodine (dpm-ml) once/wk. RC-1i
‘Gross Alpha Activity (dpm-ml) once/wk. RC-3
Gross &~Y fctivity (dpm-mi) once/wk. RC-14
Gamwma-ray Spectrum of Water once/wk.
Dissolved Sclids (ppm) once/mo. WC-6 See Method
Suspended Solids (ppm) ~cnce/mo. WC-5 1000
Total Solids (ppm) once/mo. wC-7 100
Radiochemical Mancanese (dpm-ml) 6 times/yr. RC-2
" Cesium (dpm-m|) £ times/yr. RC-4
" Strontium once/me. RC-5
" 1ron " once/mc. RC-7
" Chromium " once/mo. RC-8
" Sodium " once/mo. RC-9
" Cobalt . " 6 times/yr. RC-10
" Nicke! " & times/yr. RC-11
" Copper " 6 times/yr. RC-12
" Zirconium " 6 times/yr. RC-16
" Nitrogen " once/mo. RC-15
" Fluorine " once/mo. RC-17
Effluent Sampfle 31-23-3003 o
51-25-004 p i 3 times/wk. 7.0 + 0.5 o 250
Conductivity (£ mhos-Cm) 3 times/wk. 1.0 max. WC-2 250
Chioride (ppm) 3 times/wk. 0.1 max. WC-3 25




System Samp!le ) Sample
Description Valve Analysis Frequency Limits Methed Al iqudte
Number : Number (ml)
Effluent Sample (Cont'd) Copper (ppm) once/wk. WC-12 50
{ron (ppm)- ) once/wk. WC-4 50
Dissclved Cxygen (ppm) once/wk. 2.0+ 2 WC-8# See Method
cCilica (ppm) ) once/wk. WC-16 50
Radiochemical lcdine (dam-ml) orce/wk. RC-1
Gross AJpha Aztivity (apm-m!) once/wk. RC-3
GrossA2Y rstivity (dpm-m!) ~ once/wk. RC-14
Gamma-ray Spectrum ot watar " ooceluk.
Suspencas Clice (pom) ance/me. wWC-=% 1000
wliés (ppm) once/me. WC-7 100
joetemiral Mancarese (dpm-ml) € times/yr. RC~2
" ’ Cesium " : €& timgelyr. RC-4
B Steontium " once/mc. c-5
" | ror " once/mo. RC-7
" Chromium " chce/mo. RC-8
" Sodium " once/mo. RC-3
" Cotalt " 6 times/yr. RC~-10
" Kickel " 5 times/yr. RC-11
" Cosper. . " € times/yr. RC~12
" Zircenium " & times/vr. RC-16
" Nitrcogen " once/mo. RC-15
" Fluorine " cnce/mo. RC-17
11. OVERHEAD WATER STOREGE TANK . 69-23-CO! o , once/mo. 7.0+ 1.0 wC~1 250
. Conductivity (4 mhcs-Cm) once/mo. 1.5 + 1.5 WC-2 250
Chicrice (ppm) ) once/mo, 9.1 max. wC-3 250
. - Gross Activity (dpm-ml) once/mo. RC-14
111. BORON INJECTION TANK SAMFLE 60~23-001 Beron (w/0) once/mo. 17.8 HC-118 1 0C0
V. SHIELD COOLING 59-23~002 pH once/mo. 10 + 0.5 wWo-1 250
' Conductivity (4 mhcs-Cm) once/no. 41-+ 34 We-2 230 .
Tectal Solids (ppm) once/mo, 20 + 20 we=7 1CC
Dissolved So!lids {(ppm) once/mo. ¥wC-6 See MeThod
Suspenced Solids (ppm) once/mo -7 We-5 1000
Gross2-¢ Activity (dpm-CC) cnce/me. ' x 10 max. RC-14
. Gamma-ray Spectrum of Water once/mc.
Chioride (ppm) J.1 max. WC=-3 25
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o o ()
System Sample Sample
Description valve Pnalysis Frequency Limits Method Aliguote
Number Number {ml)
V  FUEL STORAGE WELL ’ H . . :
Upstream ot filter 58-23-003 p : once/mo. 7.0+ 1.0 WC~-1 250
Conductivity (4 mhos-Cm) once/mo. 3+ 2 WC-2 250
Chloride (ppm) once/mo 0.} max. WC-3 25
Dissolved Solids (ppm) once/mo. 3+ 3 WC-5 1000
Suspended Solids (ppm) once/mo. WC-6 See Method
' Total Solids (ppm) once/mo. WC-7 100
Gross/B-y Activity (dpm-ml) once/wk. RC-14
Gamma-ray Spectrum ct Water once/wk,
Return line 58-23-002 pH ) cnece/mo. WC-1 250
) Conductivity (u/m hos-cm) once/mo. WC-2 250
Chloride (ppm) once/mo. WC-3 25
Dissolved Sclids (ppm) once/mec.’ WC-5 1000
Suspended Sciids (ppm) once/mo. WC-¢ See Method
Total Solids (ppm) once/mo. WC-7 100
Gruss/3-Ytctivity (dpm-m!) once/wk. RC-14
Gamma-ray Spectrum of Water once/wk.
Vl. Component Ccoling Water 57-23-003 pH : 9.0-10.5 WC-1 250
Chromate (ppm) _once/mo. 30C-400 WC-10 50
Phosphate (ppm) once/mo. 25-30 WC~-14 50
Dissolved Solids (ppm) once/mo. WC-5 1000
Suspended Solids (ppm) once/mo. WC-6 See Method
Tctal Solids (ppm) once/mo. 1000 WC-7 100
Gross yay'Activity (dpm-ml) once/mo. RC-14
Vil. LIQUID WASTE . H
6,000 gallon 54~23-006 5} as required WC-1 250
Retention tank 1A and 54~23-007 Conductivity (4 mhos-Cm) as required WC-2 250
Retention tank 18 Suspended Solids (ppm) as required WC-6 See Mettod
Total Solids (ppm) as required WC-7 100
Gross4-¥ Activity (cpm-ml) as required RC-14
Gross Alpha Activity (cpm-ml) as required RC-3
.Gamma-ray Spectrum of Water. 3s required
3,000 gallon H
Waste Water Storage Tank 54-23-008 p . - as required WC-1{ 250
Conductivity (gmhos-Cm) as required WC-2 250
Suspended Solids (ppm) as required WC-6 See Method
Total Sclids (ppm) as required WC-7 100
Gross -y Activity (dpm-ml) as required WC-14



Sysiem : Sample Semole
Description : Valve Anaiysis Freguency Limits Method _Aliquote
i Number . Number {ml)
3000 gallon {Cont'd) Gross Alpha Activity (dpm-mi) as required RC-3
Gamma-ray Spectrum ot Water as required
4500 gallon : . H
Waste Water storage tank 54-23-009° p L as requirec WC~1 250
’ Conductivity (g mhos-Cm) as required WC-2 © 250
- Suspended Solids (ppm) as required WC-6 See Method
Total Sciids (ppm) -as required WC-7 100
Gross4 -y activity (dpm-ml) as required RC-14
- Gross Alpha Activity (dpm-ml) as required RC-3
Gamma-ray Spectrum of Water as required
Evaporator feed Tank 54-23-08 ‘pH . as required 7.0+ 1.0
’ Conductivity (4 mhcs-Cm) as required -7 max WC-1
Gross Activity (uc/cc) as required I x 10 . RC~14
. Tﬁfal Solids (ppm) as required
Waste Evaporator (Bottom Sample 54-23-01 ! P - 8s required 7.0% 1.0 WC-1 250
Connection) Total Solids (ppm) as required- wec-2 250
Gross 4-YActivity (uc/cc) as required RC-14
Spent Basin Tank 54-23-014 GressA Y Activity (uc/cce) as required R
Radiochemical lodine (dpm/gm) as required D-2 + RC-1
Radicchemical Manganese (dpm-gm) as required D-1 + RC-2
Radiochemica! .Cesium (dpm-gm) as required D-1 + RC-4
Radiochemical Strontium (dpm-gm). 2s required D=1 + RC-5
Radiochemical Iron (dpm-gm) d as required D-! + RC-7
Radiochemical Chromium (dpm-gm) as required D-! + RC-8
Radiochemical Sodium (dpm-gm) as-required D~ + RC-9
Rsdiochemical Cobalt (dpm-gm) as required D=1 + RC-10
Radiochemical Nickel (dpm-gm) as required D=1 + RC~i1|
Radiochemical Copper (dpm-gm) as required D=1 + RC-12
Radiochemical Zeronium (dpm-gm) as required D=1 + RC~16
Gamma-Ray Spectrum of Resin as required
Woter Collsction Tank 54-23-005 8“ o as required WC- 1 250
onductivity (4 mhos=Cm) as required WC-2 250
Gross Activity (dpm-ml) as required RC-14
Gamma~-ray Spectrum of Water as required
500 gal lon . . :
Concentrated Waste Storag 54-235-012 pH : . as required WC-1 use pH paper
Tank Gross,4- Y Activity (uc/gg% as required RC-14



Sample "Sample -
System Valve Method Aliquote
Description . Number Analysis Frequency Limits Number (ml)
500 gatlon (Cont'd) . Gamma-ray Spectrum of Water as required
Viit. GASEQUS WASTE
Sample Condensed Moisture 55-23-008 Grossxg—)/kcfivify U/ ce) as required RC-14
55-23-006 Gamma-ray Spectrum of Water ‘as required )
Radiochemical Jodine (dpm-ml) as required RC-1
Gaseous Content of 55-23-01 1 Geseous Acticity (dpm) as required RC-13
Retention Tank |A-1B" 55-23-010 Gamma-ray Spectrum of Gas as required
1X. . SHUTDOWN CONDENSER 62-23-003 pH . once/month 9.0 - 10.5 WC-1 250
Shellside 62-23-004 .
. Chromate (ppm) once/month 3G0 - 400 WC-10 S0
Phosphate (ppm) once/month 25 - 30 - WC-14 50
Dissclved Solids (ppm) once/month WC-5 - 1000
Suspended Sclids (ppm) once/month WC-6 See Method
Total Solids (ppm) once/month 1000 WC=-7 100
X. - FEEDWATER 65-23-C0! o 3 times/wk 7.0 £ 0.5 We-1 250
65-23-002 : )
) Conductivity (4 mhos~cm) 3 times/wk 1.0 WC-2 250
Chloride (ppm) 3 times/wk 0.1 max WC-3 25
Copper (ppm) once/wk WC-12 50
lron (ppm) once/wk : WC-4 50
Silica (ppm). once/wk 0.1 WC-16 50
Dissolved Oxygen (ppm) once/wk. 0.02.% 0.02 WC-8A See Method
- ’ (Check after
changing
) demin.)
Dissolved Sclids (ppm) once/wk WC-5 1000
Suspended Solids (ppm) once/wk WC-6 See Method
Tote! Solids (ppm) i once/wk WC-7 100
Gross 4-Y Activity (wc/cc once/month RC-14
Gross Alpha Acticity (4 c¢/cc) once/month RC=3
Gemma=ray Spectrum of Water once/month
XI. MAIN STEAM
. £4-23-001
Condensed Steam 64-23-002 Chloride (ppm) once/month 0.1 max WC-3 25
Conductivity (4 mhos-cm) once/month 1.0 max WC-2 250
Dissolved Oxygen (ppm) once/month WC-8A See Method
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Sample’

) Sample
System Valve . - Method Aliquote -
Description ) Number ) Analysis Frequency Limits Number {ml)
Condensed Steam (Cont'd) . Silica (ppm) . once/month 0.) max WC-16 50
: Copper (ppm) ' once/month ° WC-12 50
Gamma-ray Spectrum of Water once/month .
Xil. FULL FLOW CONDENSATE DEMIN.
From Hot Well Condensate Pump 63~23-001 pH daily 7.0 £ 0.5 We-1i 250
B Conductivity (¢ mhos-cm) daily 1.0 max WC-2 250
Chloride (ppm) daily - 0.1 max WC-3 25
Copper (pgm once/wk WC-12 50
Iron (ppm : once/wk WC-~4 50
Silica (ppm) B once/wk WC-16 50
Dissolved Oxygen (ppm) once/wk 0.02 % 0.02 WC-8A See Method
: . Value ex-
pected is
.005 = ,0! ppm
Gress Alpha Activity (dpm=ml) - - once/month - : RC-3
Gross -y Activity (dpm-mi) once/month RC-14
Gamma-ray Spectrum of Water once/month -
Dissolved Solids (ppm) once/month - WC-5 1000 .
Suspended Solids (ppm) _ once/month Wwc-6 . See Method
Total. Solids (ppm) - . once/month WC-7 100
Service Tank Sampling : 63-23-002 pH ] ) 7.0% 0.5 WC-1 250
’ 63-23-003 Conductivity (4¢mhos-cm) as required - 1.0 max - WC-2 250
63-23~-004 Chloride (ppm) n as required 0.1 max WC-3 25
: Copper §ppm) o as required : WC-12 ) 50
lron {ppm) as required WC-4 50
- Silica (ppm) - ’ as required ) WC-16 o 50
Dissolved Oxygen (ppm) ) as required ' WC~8A ©  See Method
. Gross Alpha Activity (dpm-ml) as required RC-3 )
Gross 4-Y Activity (dpm-ml) as required " RC-14
Gamma-ray Spectrum of Water as required
Dissolved Solids (ppm) ' - as required WC-5 . 1000 S
Suspended Solids (ppm) as required . WC-6 See Method . -
Total Solids (ppm) as required WC-7 100
Cation Regeneration - 63=25=-003 pH : - as required 7.¢ ¥ 0.5 We-1 250
Anion Regeneration 63-25-034 Conductivity («¢mhos-cm} as required 1.0 max WC-2 250
- Suspended Solids (ppm) ' as required 'WC-6 ' See Method
Dissolved Solids (ppm) as required WC-5 1000
Total Solids (ppm) as required WC-7 100

Gros;gax’AcfiviTy (dpm-gm)309 as required RC-14




Samgie

. Sample
System valve Method Al iguote
Description Number Analysis fFrequency Limits Number (mt)
Anion Regeneration (Cont'd) - Gamma-ray Spectrum of Resin as required
Caustic Tank Inlet Sample 63~23-009 H as required WC-1 250
) ‘ Conductivity as required WC=2 250
XIi1. DEMINERALIZED MAKEUP pH v ) once/wk WC-1 250
AND WELL WATER Conductivity (4 mhos-cm) once/wk WC-2 250
. . Chloride (ppm) once/wk WC=3 25
Silica (ppm) once/month WC-16 50
Copper (ppm) once/month WC-12 50
Iron (ppm) once/month WC-4 50
Gross,3-Y Activity (uc/cc) once/month RC-i4
Total Solids (ppm) ' once/month WC-7 100

=310~



APPENDIX A

SPECTROPHOTOMETRIC ANALYSIS
"PRINCIPLE

Introduction

In order to provide a logical basis for measurement of the
absorption of light, it is necessary to allow for losses by
- reflection and. by scattering at the boundaries of the cell
that contains_the medium and also for thé small losses caused
by scattering within the medium itself. This correction is
made by comparing ﬁhe'intensity I.of the ray of light that'
has ‘passed through the absorption cell that contains the
sample with the intensity IO of the ray of light‘after it

has passed through a medium of similar refractive index
contained in an identical cell. The ratio I/io x 100 is

then the percent transmittancy of the sample.

The-absbrption spectrum of a given medium can be expressed

in the form of a graph of absorbancy versus wévelength. The
shape of such a curve is more or less characteristic of the
absorbing substance; however, the characteristics of the ab-
sorption spectrum also depend on several other factors, such
as the thickness of the cell, the concentration of the ab-
sorbing substance, if the medium is a solution, and. the
chemical nature of theé solvent and of thé solute. Some

media will give smooth absorption curves without well-marked
points of inflection; this property is termed '"general absorp-

tion". Other curves will show maxima or minima; this
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APPENDIX A

SPECTROPHOTOMETRIC ANALYSIS

Introduction (Cont'd)

property, which is more common, is termed '"selective absorp-
tion". .All substances exhibit absorption in some region of
the‘electfomagnetic spectrum. For example, benzene shows a
complicated group of maxima and minima in the ultraviolet
region, whereas water shows strong absorption in the near
infrared. These extensive invisible regions of the spec-
trum can be investigated spectrophotometrically and are
‘more significant in some field of analytical chemistry than

the visible region itself.

TreatmentAof Data

The analytical chemist is concerned primarily with spectro-
photometric data insofar as it will aid him in the identi-
fication of an unknown substance, or in carrying out a

guantitative determination of a constituent.

For the.purpOSes of identification, a spectrum is-obtained
by plotting absorbancy measurements versus the wavelength
in millimiecrons at different wavelength settings. The
curve is then compared with the absorptioh.spectra of known
substances. Identification is establishéd;when the ‘absorp-
tion spectrum of the unknown can be superimposed on a known
spectrum.
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APPENDIX A

SPECTROPHOTOMETRIC ANALYSIS

Treatment of Data (Cont'd)

Quantitative determinations are preceded by the-establish—
‘ment of a calibration curve that is prepared. by plotting
absorbency (or extinction) as the ordinate versus the con-
centratihn of the suhstance as the abscissa.on réctilinear
graph paper. The wavelength setting choSen for the standard
curve is usually the wavelength of maximum absorption. The
absorbancy of the unknown 1is then measured. and the cohéen—
tration is determined by reference to the standard calibra-
tion cﬁrve. A. separate calibration curve is established

fdr each spectrophotometer.
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OPERATING INSTRUCTIONS FOR DU-SPECTROPHOTOMETER

OPERATING CONTROLS - ‘POWER:SUPPLY

A. Power Switch

This two-position rotary switch turns the pewer supply
on.and off. The ON position supplies power, through the
multi-conductor cable, to the electronic circuitry ..
of the spectrophotometer and also supplies power, through
the terminals on the output and of the power supply, to the
tungsten lamp.

NOTE: - Before turning Power Switch ON always turn the Fila-
ment Temperature Switch- OFF. After turning the

Power Switch ON, wait for one minute before turning
the Filament Temperature -Switch from the OFF position.

B. Filament Temperature Switch

4This'eightébosition rotary switch, used 1n conJjunction
with the Source Circult Switch, controls operation eof a
hydrogen lamp or mefcury lamp by determining its filament
and anode voltages. The OFF position removes all voltage
from the socket. This position is used when the spectrophoto-
‘meter is operated without either. the hydrogenvlamp or thé

mercury lamp.

C. Source Circult Switch

- -This two-position switch used in conjunction with the
Filament Temperatdre Switch, sets the.anode voltage at the

correct value for the hydrogenvor-mefcury lamp.
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OPERATING INSTRUCTIONS FOR DU-SPECTROPHOTOMETER

OPERATING CONTROLS - POWER SUPPLY (Cont*d)

D. .Phqtomultiplier_Gain,Switch

This eleven-position rotary switch, functional only if
the spectrophotometer is operated.with the photomultiplier
tube, adjusts the sensitivity of the multiplier phototube

-by changing the voltage applied to the dynodes.

In.addition to an OFF positioh, the switch has ten
-operating positions. The Full position‘prbvides maximum
sensitivity. Clockwise rotation of the switch decreases
the Sensitivity. This swikth is used-as a coarse sensitivity

adjustment for the sensitivity kneb on the DU.

..~ E... .Zero Suppression Switch

© . .This six-position rotary switch .applies a bucking
<,Voltage,to compensate for background radiation effects 1in

flame, fluorescence, or reflectance measurements.

F. .Screen Bias Switch

This five-position rotary switch controls the screen-
blas voltage on the 2532 tube in the amplifier circuit of

the spectrophotometer.

Ordinarily, adjustment is required only infrequently,
and then.as a result of tube aginngr replacement. This
switch i1s a . coarse adjustment for the dark current control

on the DU,
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. OPERATING INSTRUCTIONS FOR DU-SPECTROPHOTOMETER

OPERATING CONTROLS - POWER SUPPLY (Cont'd)

lamp

15.

Operation with Tungsten Lamp

.To operate the spectrophotometer with the tungsten

‘use the following procedure:

O VoW v e

10.

11.

12.
13.
14.

16.

Turn DU Shuftter Switch OFF.

Turn DU Tungsten Lamp Switch ON.

Turn DU Function Switch to CHECK position.

Turn power supply Power Switch ONi

Allow power supply to warm—up'for about one hour.

Rotate the Wavelength Selector to set the desired
wavelength.

Push Phototube Positioning Knob in-to select the
red-sensitive phototube (above 625 mu) or pull

out to select the blue-sensitive phototube,

Make sure the load resistor ig in position number 1.

Select proper filter if one is required.

Insert standard and sample cells, in the cell holder
and place holder in the cell compartment Replace

‘compartment cover,

Use Sample Positioning Knob to pesitlon the standard
cell in the light path.

Rotate Dark Current Control to zero meter needle.
Turn Shutter Switch ON.

Rotate Slit Adjustment Contrel to approximately
zero the meter needle, or to set the desired slit
width. '

Rotate the Sen51t1v1ty Control to accurately ZEeT0
the meter needle.

Turn Shutter Switch OFF.
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OPERATING INSTRUCTIONS FOR DU-SPECTROPHOTOMETER

OPERATING CONTROLS - POWER SUPPLY (Cont'd)
17. Use Sample Positioning Knob to position the unknown
\ sample cell in the light beam.

18. Set Selector Switch to 1, or to 0.1 if the trans-
mittance is less than 10 percent. :

19, Turn Shutter Switch ON.

20, Rotate Transmittance Control to'zero the meter
needle. : . .
21. Record the transmittance or absorbance reading.

22, Turn Shutter Switch OFF.

23. Use the Sample Positioning Knob to move the next
-unknown sample into the light beam, and repeat Step
12 and Steps 18 through 21, or repeat the proceed-
ing measurement procedures with the sample at new
wavelength or slit openings.

DESCRIPTION OF OPERATING CONTROLS - DU

A. Absorption Cells and Holder

The front position in the cell hoider shduld be used
for the cell that contains the reference liquid. The cells
should be marked so that they can always be used in the same
position in the cell holder. The cells should be compared
by filling them with demineralized water. Before use, the
ceLls should be cleaned with distilled water or other suit-
‘able solvent. Do not use hot concentrated . acids which might
etch the polished surfaces. Remove the cells from the holder
for cleaning and filling. Make'sure the cells are seated
properly in the cell compartment and with the  knob pushed in,
replace the cover. Each cell can be moved into ﬁhe light

beam by pulling. the glide knob to the appropriate stop.
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OPERATING. INSTRUCTIONS FOR. DU-SPECTROPHOTOMETER

DESCRIPTION OF OPERATING CONTRCLS - DU (Cont'd)

B. Phototube Selection

The spectral rénge to be investigated determines the
-proper phototube to be used. The red-sensitive phototube
is used above 624 mu-and is in position when the knob is

-pushed IN. The bluc-sensitive phototube is used below
624 mu and is in position when the knob is pulled OUT as

far as possible.

C. Filter Slide

The filter slide 1s located between the exit slit
and the cell compartment and 1is operated by means of a knob
-on.the front end. The front posit;on knob pushed in, is
blank and is used in the range 400 to 1000 mu and also with
the‘hydrogen lamp. The second position contains a red-
. purple filter and is used in the range 400 to 320 mu with
the‘tungsten lamp. The third position 1s blank and may be

 fitted with special filters 1if needed.

D. Senéitivity Control

For best performance, it is reCOmmendéd that the sensi-
tiQity knob be used one to three turns from its clockwise
limit. The most accurate readingé on the Transﬁittance
Scale can be obtained wifh the sensitivity knob set between
the clockwise 1limit and.the midpoint. The accuracy is within
0.1 percent at the clockwise 1limit. -Maximum photometric

resolution is attained when the Sensitivity Control is rotated
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OPERATING INSTRUCTIONS FOR DU-SPECTROPHOTOMETER
- DESCRIPTION-OF OPERATING CONTROLS - DU (Cont'd)

to its counterclockwise limit, since less light is required
.to zero the meter needle at 100 percent transmittance, per-

mitting narrower slit widths to be used.

" E. Wavelength Selector

This control adjusts the position of the quartz prism
inside the monochromator and simultaneously rotates the
calibrated Wavelength Scaie; It is recommended that the
wavelength settings be.approached from the iong-wavelength

end of the scale each time.

B, Tungsten Lamp Switch

This is a toggle switch located on the exterior of the

lamp housing back plate.

G. Selector Switch

This is the main instrument switch and controls the
function of the DU. The OFF position disconnects power to
the DU. The check position provides a rapid means of ad-
justing the. DU at 100 percent transmittance withdut having
to turn the Transmittance Control. When the switcn is in
che 1 position the Transmittance Secale reads O to 110 per-
cent transmittance, ard the Absorbance Scale reads infinity
to 0. Setting the Selector Switch at 0.1 position expands
the Transmittance Scale for making measurements on samples

having less than 11 percent transmittance,
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-OPERATING INSTRUCTIONS FOR DU -SPECTOPHOTOMETER

DESCRIPTION OF OPERATING CONTROLS - DU (Cont'd)

. H. Shutter Switch
| Passage of light from the cell compartment fo the photo-
tube is controlled by the Shutter Switch -on the phototube
‘housing. This switch must be OFF to adjust dark current.
When the switch is in the ON position, light transmitted
through the sample reaches the phototube. Turn the switch

gently from.one position to the bther.

- I. Dark Current Control

Dark current is the current passing through the photo-
tube and other.circuit_components when the phototube is not
exposed to light. For accuracy~of measurement, dark current
must be balanced out of the circuit before each meter read-
ing. The adjustment ié made by turning the Shutter Switch
OFF and bringing the meter needle to zero by rotating the

. -Dark Current Control.

J. -~Phot§tube Load Resistor Switch
_ » Ih the number 1 position, a QOOOQmegohm load .resistor
is equipped to be used with the tungsten, hydrogen, or mer-
cury lamps ' The "2" and "3" p031tlons are reserved for

special load resistors for special applications.

K. Null Meter

This meter indicates electrical balance of the instru-

ment during various measurement procedures; i.e., dark current
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OPERATING INSTRUCTIONS FOR DU -SPECTROPHOTOMETER
DESCRIPTION OF OPERATING CONTROLS. - DU (Cont'd)

adjustment,. setting of the 100 percent reference point,

-ete.

L. 51it Adjustment Control

This rotary control adjusts the width-of the curved
bllateral éntrance and exit slits simultaneously. The slits
-are continuously adjustable from .01 to 2 millimeters. S1it
width settings are indicated oh an accurately calibrated
.scale and should always be approached from the narrow width

direction.

.M. Transmittance Control

The transmittance contrcl is used to balance the null
-meter at zero before reading the tfansmittance or absorbance
Aof the sample. .Positioning of the Selector Switch and the

Sensitivity Control affects the sensitivity of the instru-
‘ment and the readings of the calibrated Traﬁsmittance or

Absorbance Scales.
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APPENDIX B

' USE .AND CARE.QF POLYETHYLENE

PROPERTIES

Polyethylene absorbs water extremely slowly. .It has been
.found that the weight gained due to absorbed.water is about
0.15% after a.sample of polyethylenejhad_been allowed to

stand in water al room tempcrature for one year.

Polyethylene is relatiyely unreactive chemically. Concen-
trated caustic materials, such as ammonium hydroxide, potas-
sium hydroxide, and sodium hydroxide, do notieffect poly-
ethylene. Potassium permanganate and hydrogen peroxide,
.at room temperature, does not attack it. Diluted.acids,

bases, and salt solutions show no corrosive action on it.

The temperature should be kept below 70 degrees C. Con-
centrated HNOS, carbon disulfide, bromihe, acet@ne, ether,
toluene, ethyl acetate, lubricating oil, and turpentine

should not be stored in polyethylene containers.

CARE

———

Ordinéfy soap and water can be used to .clean the surface.
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- APPENDIX C

This method is to check the concentration of C-7 Silica Standard.

solution method WC-16 gravimetrically.
PROCEDURE

1. Pipet 5 ml from the method WC-16 silica standard solu-

tion into 150 ml beaker.
2. . Add 5 ml of concentrated hydrochloric acid.

3. Evaporate the sample to dryness on a-water bath with
periodic additions of .the three -5 ml portions of concen-

trated hydrochloric acid.

4, Dry the evaborated residue in an oven at 110°C for 1

hour.

5. Add 5 ml of concentrated hydrochloric acid and then

-add 50 ml of water to the dried .residue in the beaker.

6. Warm the beaker and contents and stir to dissolve or
suspend-all thé residue. Filter the warm'solution through

an ashless, medium filter papér.

7. Wash‘tﬁe residue on the filter‘paper.lS.ﬁimes with
(1-49) hydrochioric acid and then several poftiohs of water.
CAUTION: Cover thé funnel containing the.filter paper and

its residue with a clean watch' glass, and reserve

it for later ignition.
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APPENDIX C

PROCEDURE (Cont 'd)

8. Return the filtrate to the original evaporating beaker
and evaporate to dryness on a water bath .with periodic addi-

tion of two 5 ml portions of concentrated hydrochloric acid.

9. Dry and repeat the filtration and washing steps 2 through

7 using a second funnel and filter paper.

10. Place both .filter papers with its dehydrated residue in

a tared porcelain crucible and dry under a heat lamp.

11.  Cover and ignite for 10 minutes in a muffle furnace at

1000 to 1200°c.

12, Remove the cover and continue the ignition for 30 min-

utes.

13. Cool in a.desiccator and weigh the crucible and precipi-

tate on an analytical balance to the nearest 0.1 mg.
14. Repeat steps12 and 13 until a constant weight is obtained.

15. Add.several drops of concentrated sulfuric acid (HQSOM)
and 5 ml of hydrofluoric acid (HF) to the weighed residue
in the crucible and evaporate to dryness on a low-temperature

hot plate.
16. Re-ignite the residue by repeating steps 12, 13 and 14.
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APPENDIX C

CALCULATIONS

Calculate the concentrations of silica, in ppm as follows:

(W7 -Wn) (1000
S105, ppm = ‘% 2 ( *)

where:
Wy o - weight of crucible and sample residue, in milligrams

after first ignition (step 14).

Wo = welght of crucible and sample residue, in milligrams

after treatment with HF and re-ignition (step 16).

<
I

milliliters of sample used from WC-16 method.
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APPENDIX D

.

‘ Y
High Vacuum Stopcock

Ball Joint

RADIOACTIVE GAS COUNTING CHAMBER
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APPENDIX E

The following are the references for Sections IV and V Radie and

Water Chemistry Methods:

1.

10.

ASTM Special Technical Publication No. 148-C - -Manual

on Industrial Water 1957 Printing

’

ASTM Standards 1961 - Part 10 Tcntatives

ASTM Standards 1964 - Part 23 Industrial Water;

Atmospheric Analysis

ASTM Special Technical Publication No. 148-A-Manual

on. Industrial Water 1954 Printing

Analysis of Essential Nuclear Reactor Materials -

 C. J. Rodden prepared by the Division of Technical

"Information U. S. Atomic Energy Commission

Nuclear and Radiochemistry - Friedlander -and Kenhedy
Nuclear Radiation Detection - William J. Price
Radiological Health Handbook - Simon Kinsiman

Reviews of Meodern Physics - Velume 30, Number 2 -

‘Part II April 1958

Handbook of Chemistry and Physics - Chemical Rubber

Publishing Co.
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APPENDIX. E

11.
12.
.13;
14.

- 15.

PTC-19-11-1959-Part II Quality and Purity of Steam

-Supplement to ASME :Power Test Codes

ID0-16880-2 Scintillation Spectrometry - Gamma-Ray

Spectrum Catalogue 2nd Edition Volume 2 - R. L. Heath

TDO-16880-1 Scintillation«Spectrometry - Gamma-Ray

Spectrum Catalogue 2nd Edition Volume 2 - R. L. Heath

IDO-16408 - Scintillation Spectrometry Gamma-Ray

Spectrum Catalogue - R. L. Heath

UKE-CR-1003 - U. K. Experiment at Chalk River - J. A.

Corbett and C. J. L. Lock

328









